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ABSTRACT  ] 


The  Handbook  o l  SaUctad  Propertiti  of  Air-  Reactive  and  Water-Reactive  Material*  represents  the 
work  resulting  from  the  literature  March  covering  the  yean  1950  through  196*.  Data  an  preMnted  on 
the  followiatj  properties  o i  the  pertinent  compounds  molecular  weight,  melting  point,  characteristic*, 
boiling  point,  vapor  pressure,  synthesis,  solubility,  thermodynamic  properties  and  flammability.  In 
addition,  attention  is  paid  to  other  characteristics  such  as  toxicity,  handling  and  military  and  industrial  j 

urns.  ; 

i 

The  material  is  arranged  in  three  parts  Part  L  Inorganic  Compounds,  Part  1L  Organic  Compounds,  and  { 

Pert  m.  Miscellaneous  Compounds  (analysing  complex  compounds,  mixtures  and  byproduct!  of  chemical 
reactions). 
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The  Handbook  of  Selected  Propertl at  of  Ail-  Reactive  end  Water -Reactive  Mitorlili  waa  prepared 
indw  Contract  FO-6-0024  by  thi  Special  Bibliographic*  Section,  fclnti  and  Technology  Dtviatcn, 
Library  of  Cong  ran. 


Scop* 

Tha  tadt  odniUtad  of  Marching  both  tha  open  literature  and  awlaalfM  report*  (covering  the  pari  ad 
1950  through  1958)  for  data  oa  tha  propartiaa  of  tha  paitiaant  compound*.  Tha  lafaautha  darivad 
from  tha  rafaraaoaa  idaatifiad  ia  indicated  in  tha  loan  at  data  aad  *mdit1raa  to  tha  individual  prop- 
aitiai. 

The  majority  of  cam  pound!  aanlyiad  ara  ipontaaaoudy  flamaaahla  ia  air,  many  ara  exptorira  nth  air 
and/or  water-  Tha  remaining  compound*  arc  rpontanaonsly  flaiamabla  ia  ah  and  watar  or  |«odaca 
amoka,  aad  *  faw  fit  no  dafinitn  oatagory  (they  ara  rpontanaouriy  flanrmabla  only  under  certain  oh* 
cumrtencar  or  yield  a  (pontanaonaly  flammable  compound  ia  contact  with  air  and/or  water)- 


Source!  Searched 

In  addition  to  the  catalog!  ia  tha  library  of  rimgraw.  aiming  tha  t—juntant  route  m  to  tha  Siltntm 
raarchad  warm 


AppUnd  Sciaaca  aad  Technology  Max 
ASM  Review  of  Metal  Utemtma 
Bibliography  of  Chemical  Review* 
Cham  Inal  Abatnctr  Daoaaaial  Max 
Chemical  Abatractr  Subject  Mixer 
Engineering  Max 
Nuclear  Science  Abatractr 
Tanhuteol  Traariarioro 
U.  S.  Cawnaad  Hero  arch  Reporta 


Eatriaa  ia  the  Bibliography  ara  Hated  ia  aa  alpha-numeric  order-  Mo  ipeoiflc  pagt  ladisethu  ia  given 
for  aa  entry  cited  In  more  then  tea  roparate  reference!  throughout  the  Handbook- 

Arrangement 


The  information  m  tha  propertie*  of  tha  compound!.!!  prweatad  by  gfc«-»«col  tyabol* 

on  date  heat!  arranged  la  three  p  -rtu 

1.  Inorganic  compound* 

XL  Organic  compound! 

DL  Miacallaanow  componadi 

The  tint-two  parti  are  further  subdivided  into  group*  at  compound*-  Data  dwatt  on  tmwpwnh  ia 
Part  3  era  randomly  arranged  haraym  at  their  varied  <*— »■■!  com  port  Hon. 


ill 


- -  —  oi  vi  v®iuBtnt  compound*  at 

^w!*  ®‘y  nn°*  from  »*»  cbamical  ch*r»ct*rljtic»  through  mT^acturing 

*»d  handling  to  military  and  induatrial  uim  nt  a  n<wS  f~—l _ ■<  V  * 
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t-.tjr*  “bUOSn,fAiC  9uManC*  WM  *nPpUtd  *V  Madalaiae  J.  WilkZ, 

i  S4Cti00'  SpeClU  “oU  *  ‘PP-cUdo*  Uduato  Mr*.  Ba.trlcl  T. 

Tr*«*  id  bur  lnvaluabl*  contribution  la  preparing  the  Handbook  for  publication. 
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I.  INORGANIC  COMPOUNDS 

(a)  UJMWTH 
SILVER 


Mol.  Wt.i 

Formulas 

107.87 

Ag 

M.P.t 

CharecterlatlcM 

V.P.i 

960. 8*C  (79) 

Solid  -  white  cubic  metal  (79) 

101375  (7J) 

d./ap.  gr.i 

B.P.i 

“Da 

10. 520  (79) 

1950*C  (79) 

Svnthealn 

Prepare  ultraline  powder  by  vacuum  (1cm  than  500  micro nj)  evaporation  and  condaniaOon  ( 148)- 
SoluhlUtyi 

1.  alkaline  aolventi,  hot  and  cold  HjjOj  t.  HNOj,  Lot  HjSO^  KCN  (79). 

Flammabilltyr 

Fine  powder  ipontaneoualy  flammable  (148). 

ALUMINUM 


Mol.  Wt.r  Formulai 

26.9815  (79)  A1 


M^Pjj 

659.  7*C  (79) 


Chaiacterlrtlf. 

Solid  -  « liver  colored  powder, 
metallic,  ductile  (79) 


d./ap.  qr.r  B.  F. » 

2.702  9/cm 3  (19S)  2056*C  (195) 

Toxlcityt 

Low,  poMible  cauae  of  pulmonary  flbroaia  (195). 


V.P.i 


HW  (195) 


Svnthctln 

From  purified  and  calcined  AI2O3  (obtained  from  bauxite),  ft  1«  dlaaolved  in  molten  cryolite 
(2AIF3'  6NaF •  SCaFj)  with  calcium  fluoride,  it  la  kept  fueed  by  paaalng  an  electric  arc  between 
carbon  electrodei,  the  dueolved  alumina  la  deepen poeert  by  the  electric  current  into  alurulnum  end 
oxygen  (214). 


Ignition  tern  1 -era turen 

(80k  paaa  through  270  meah)t  645*C  (224). 


Solubllltvr 

1.  cold  and  hat  HjO,  concentrated  HNO3,  hot  CHjCOOHj  a.  alkaline  aolventi,  HC1,  H2SO4  (79). 


1 


Handling* 

Keep  slum  Imss  pcr.dcr  dr/,  do  not  penult  uu>i  io  filler  into  air,  keep  container!  doted,  do  not 
pour  from  ond  container  to  another  (228). 


Thermodynamic  properties! 

heat  of  formation  (*ol)i  0 

heat  at  formation  (liq)i  SS  kcal/mol 

surface  tenalonl  520  dynei/cm  (at  750“ C) 

heat  o i  futlom  2550  cal/g  atom  (at  6o0*G) 

heat  of  sublimation!  67497  cal/g  atom  (at  298, 1*K) 

heat  of  vaporizations  65084  cal/g  atom  (at  298.  IK) 

heat  capacity!  5. 8  ctl/*K  (17)  * 

thermal  conductivity!  117  Btu/hr/ft2/(deg  F/ft)  (17) 


I 

(177) 


Military  and  industrial  meg 

Used  a>  pigment,  aluminum  bated  ink  for  printing  (2*4). 

Flammability! 

Duit  may  explode  in  air,  wet  aluminum  powder  may  Ignite  spontaneously  in  air  (228). 


BORON 


Mol.  Wt.» 
10.811 

M.P.i 

2300*C  (179) 

d.  /tp.  qr.  > 

2.34  (79) 


9yaUe«l*i 

(1)  Electrolysis  of  fuaed  bath  of  KC1  or  KF  and  Potattium  fluoro borate  and  boric  oxide;  (2)  Heat 
boric  oxidei  with  powdered  Magnesium  j  (3)  Reduce  boron  halide*  with  gas  dlaprrtloo  of  molten 
alkali  metal  (190). 

Unique  conditions,  reaction  products! 

Boron  bum*  spontaneously  in  chlorine  gas,  ignite*  with  heat  in  nitrous  oxide,  Incandescent  with 
fluorine,  iodic  acid,  concentrated  HNO3,  or  al trotyl  fluoride  (143). 

Solubility! 

I.  cold  and  hot  HjO;  y.  si.  1.  HNO3  (79) 

Thermodynamic  properties! 

Heat  of  combustion  140  kcal/mol  (199) 

Military  and  Industrial  uses! 

in  nuclear  chen  Jstry  as  neutron  absorber,  in  ignition  rectifiers,  and  In  alloy*  to  harden  other 
metals  (132). 


Formula! 

B 

Characteristic*! 

Solid  -  monoclinic  crystals,  yellow 
or  brown  amorphous  powder  (79) 

B.P.i 

2550* C  (79) 


\ 


1 


t 


1 
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BARIUM 


Mol.  Wt.i 
137.34 

M.F.i 
6S0‘C  (79) 

d.  /sp.  qr.  I 
3.5120  (79) 


SyutheulM 

(1)  3BaO  +  2A1  -*  3Ba  +  AI2O3  (repeat  distillation  is  high  vacuum)  (SC) 

(2)  Ba(N3)2  — 4  Ba  +  3N2  (decomposition)  (80) 

SolubUltyt 

d.  with  evolution  of  In  H^O)  s.  alcohol)  1.  CgHg  (79) 

Military  and  industrial  usesi 

Uied  In  alloys  and  pyrotechuicr  (190). 

Flammabllltyi 

Spontaneously  flammable  In  moist  air  (43). 


Formula! 

Ha 

Charactcrlstlcn 

Solid-yellow  silver  metal  (195) 

B LPj  V.P.i 

1527*C  (79)  wiW  (195) 

1 140'C  (195) 


BERYLLIUM 


Mol.  Wt.i 
9.01 

M.P.i 

1278  ±  S’C  (79) 

ik/jB- ff;1 

1. 34820  (79) 

Toxicity! 

Extremely  toxic  respiratory  poison  and  eye  irritant!  threrhold  Um  t  value  .002  mp/m3  (142). 
Synthesis! 

Ultrafine  powder  prepared  by  vacuum  (less  than  500  microns)  evaporat'd)  and  condensation  (148). 

Unique  conditions,  reaction  products! 

Beryllium  with  ph'Mphorus  vapors  Is  Incandescent  (143). 


Formulae 

Be 

Characteristics! 

Solid  -  Stay,  moral,  hexagonal  (79) 
B.P.l 

2970760  (79) 


SolubiJUtyi 

1.  cold  HjO,  Hg;  i.  dilute  acid,  alkaline  solvent;  »1.  i.  with  d.  hot  HjO  (7S). 

Handling! 

Protect  from  physical  da.ro aye;  keep  dry;  isolate  fawn  acids,  caustics  and  chlorinated  hyaro- 
carbiauf  separate  frrsn  oxidizing  materials  (1+2). 

Flammability! 

Powder  spontaneously  flammable  (lab). 


BISMUTH 


Mol.  Wt.i 
209. 00 

M.P.i 

27.  rc  (19S) 

i.cIE 

9.00  (19S> 

Synthesis! 

Formed  from  dec  am  position  of  bismuth  citrate  in  vacuo  at  350*  C  (77). 

Unique  conditions,  reaction  productss 

Fowdered  bismuth  burns  spontaneously  in  gaseous  chlorine;  ignites  at  80*C  with  liquid  chlorine;  be¬ 
comes  red  hot  with  fuming  HNO3  (143). 

Flammability! 

Spontaneously  flammable  (77). 


Formula! 

BJ 

Characteristics 

Solid  -  red,  hard,  brittle  (214) 

B.p.i  y.  p.  1 

1420-1560*0  (195)  li05T  (195) 


CHARCOAL 
(Freshly  calcined) 


Mol.  Wt.s 

Formula! 

12.0 

C  t  Impurities 

M.P.i 

BP.i 

>3500*C  (195) 

4200* C  (195) 

d  /sp.  qr.i 

3.  SI  (195) 

Toxicitvt 

Nil,  except  slight  on  Inhalation  (195). 

1 

Military  and  Industrial  uses! 

Decoloriiation,  filtration,  metallurgical  absorbent,  and  arc  light  electrode  (190) 
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HfiwniMjte 


S>WIWfawg«tMglw  #1«« 


**  •»«  wine  a  fratuy  calcined  l  JV)' 


CAJLCUM 


Mol.  Wt.i 
40-08 


Vo  nnalai 

c» 


I  - 

I  .. 


848  *  .5*0  (79) 

d.  />p.  qr. i 

1.54  (79) 


B-P-t 

1240*C  ( 79) 


VP.  i 

lO9*5  (19 Si 


Toxic  itvi 

Fume,  (tom  burning  calcium  Irritating  to  Ala,  eye  tad  «««.  meabtuei  (195). 
Synthetic 

(1)  electroly.li  of  fund  CaCl2 

(2)  reduction  of  lime  with  aluminum  (3C.O  +  2  A1  -♦  A1203  +  3C.)  L 

(3)  reduction  of  lime  with  lillcon  (8  CaO  ♦  2SI  (2CaO.  SlOj)  +  4Ca)  J  '  **’ 


Unique  condition.,  reaction  product!. 

Yield,  hydrogen  on  contact  with  HjO  (19S). 

Solubllltvi 

d.  la  H20  to  yield  H2  +  Ca(OH)j|  i.  acids,  liquid  NH3j  «I.  ».  alcohol,  1.  C^H*  (79) 

Handling! 

(!32>i  pro4,ct  ^  ^  — 

Thermodynamic  propertlett 
Heat  of  comburtioni  151. 7kcal/njol  (132). 

Military  and  lndmtrial  man 

In  SS)!"  WW”’  belyU,“m  “’■*d  *°  *****  1«»d  *«m  bearing*,  used  with  cerium 

Flammabllltyi 

Spontaneouily  flammable  In  air  whan  finely  divided  (132), 


OZMUUM 


Mol.  Wt.i 
112.40 


Tc^nular 

Cd 


*rr  TJ 


B.P.i 

7o7±2\;  (79) 


M.P.l 

320. rc  (79) 


V.  p.  i 
l®4  (195) 


li^flfc-fl£i!  "n- 

8.642  (79)  -Ji- 

.  82  (n^)  (liq)  (79) 

1. 13  (sol)  (79) 

Toxicity* 

On  Ingestion  causes  salivation,  choking,  vomiting,  dianhca,  and  tenesmus  (132). 


t 


4 


Synthesis 

Da  compote  cadmium  taitrata  over  aluminum  burner,  heat  dried  crystal  tartrate*  until  gas  gearratios* 
ceaaa*,  pyrophoric  cadmium  mddwr  remain*  (76). 

Union*  condition*,  reaction  product** 

Heat  pyrophoric  residue  to  S00*-600*C  lote*  pyrophoricity  (76). 


Solubility! 

i.  hot  and  cold  H20;  *.  acid,  NH4NO3,  hot  H2SO>  (79) 

Thepnodynaroic  properties* 
latent  heat  of  fuilom  13.2  cal/g  j 

latent  heat  of  vaporization*  286. 4  cal/g  (  hjjj 

electrical  redatlvltyi  34. 12p,  chm*(pt  SOO'c)  ! 
surface  tension*  398  dyn**/cjn(at  42C*C)  j 

Military  and  Industrial  meat 
Used  for  electroplating  (214). 

FlammabUttv* 

Spontaneously  flammable  (76). 


CERBIM 


Mol.  Wt.i 

Formula* 

140. 12 

Ce 

M.P.l 

Characteristics* 

8!S*C  (79) 

Solid  -  steel  gray  crystal, 

640* C  (195) 

cubic  or  bexagomai  (295) 

B.P.i 

« 

6. 78  (79) 

2417*C  (79) 

Toxicity* 

1400*C  (195) 

V 

MU,  except  very  low  on  Ingestion  and  jubilation  (195). 
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Synthesis! 

2C.Q,  -r  tu  ->  <Cc  +  iUU2  jW) 

Solubility! 

il.  d.  cold  H2OJ  d.  bet  KjOt  1.  dilute  acldj  i.  alkaline  solvent  (79) 

Military  and  industrial  west 

Used  ins  magnesium  and  alutsfaunn  alloy*  to  impeove  mechanical  properties,  certain  typo*  of  glass, 
ferro  alloy*  for  flirts  and  pyrotechnics  (St). 

Flammabllltvs 

Spcataacously  flammable  in  air  at  150*>  W*C  (19$). 


COBALT 


Mol,  wt.  1  Foanulai 

58.933  Co 


M.l*.t  Characteristics! 

1495'C  (79)  Solid  -  sUvw  gray,  metallic 

cubic  (79) 

d./yp.  or. i 

8.9  (75)  B-rf.  i 

2900*C  (195) 

3SS0*C  (79) 


Tcxlcltvi 

Low  by  oral  ingcrttaas  powder  cun  produce  dermatitis  (58). 

Synthesis; 

(1)  2CoO(OH)  +  SKj  -)  2Cc  4  4H2O  (reduce  cobalt  (UQ  hydroxide  ht  mica  lain  boat  and 
reduce  in  stream  of  hydrogen)  (80) 

(2)  Add  200  ml  20%  UaCH  to  AJfNOjjj.flHjO  Is  300  ml  BfO,  redimelve  the  pmctpttaft  end  add 
a  500  ml  HjO  solution  of  29.  lg  CofNO})}.  JSHjO  and  JO  ml  concantrated  HNOji  settle,  wash 
with  H2Q  centrifuge,  and  dry  the  violet  row  precipitate]  grind  udsr  HjO  and  boil  nidi  nitrate 
is  absent,  centrifuge  and  dry  (80). 

Unique  conations,  reaction  products! 

Incandescent  with  acetylene  (143). 

Solubllltvs 

i.  cold  and  bot  H2O}  s.  acids  (79) 

Military  and  Industrial  usen 

Lied  ins  Cobalt  plating,  carbide  type  alloys,  and  a  bonding  material  fat  cam  anted  Tungsten 
carbldas  (S3). 

Flammability* 

Spontaneously  flammable  (80). 
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CHKCMIIM 


Mol.  Wt.i 

(I  iM 


Formal  »i 


1930*  10* C  (79) 
7.2028  (79) 


CLaracUriitlc* 

Solid  -  (tael  gwy,  cubic, 
very  hard  (79) 

B.P.* 

2480*C  (79) 


V.P.i 

ll«l«  (79) 


(1)  Cr203  4  2A1  -p  2Cr  4  A12Oj  (80) 

(2)  2K2[CK:is(H20)]4  4  3Mg  -p  2Cr  4  JMgClj  4  4KC1  4  2HjO  (JO) 

Unique  conditions  unction  product* 

hcimloctct  with  nitric  oxide  (143))  vivid  Incandescence  with  fund  poteadum  chlorate  (143)) 
vivid  incandescence  with  sulfur  dioxide  (43). 

Solubility! 

1.  hot  and  cold  H20,  HNO3,  aqua  regia)  1.  dilute  H2S04,  Hd  (79) 


Flammability! 

Spontaneously  flammable  (240). 


Mol.  Wt.s 
132.905 


Cl  SUM 


Formula! 

Ce 


M-P.i 
28.«*C  (79) 

d. /«o.  ai.i 
1.878515  (179) 


Characteristics 

Solid  -  illvei'  maUllic  hexagonal 
crystal  (79) 

g.P.!  V.P.t 

«7C*5‘C  (79)  j279  (l9s) 


TojOcityi 

Prtvounced  physiological  action,  can  cauee  hyperimtablllty  wfcb  spasms,  can  came  death  in  animala 
when  in  the  same  proportion  u  potenluni  content  of  diet  (195), 


2  C*2Cr04  4  Zr  ->  4Cs  PZ^CiOg^  (80) 


Combine!  vigoraoaly  with  holidei  at  room  temperature  (90))  with  HjO  or  (team  ylelda  heat  and  hydro- 
gen  (195))  poariMe  vigorous  reaction  with  oxidizing  material  (195). 
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Solubility* 

d.  cold  H2Oi  *.  liquid  NHa  (79) 


conductivity  of  Uquldi  10.  $5  Btu/hr  ff'F  (216) 
conductivity  of  vapos  .0033  Btu/Hr  ft*F  (216) 
latent  heat  of  finioni  6.907  Btu/lb  (216) 
latent  haat  of  vaporltatlou  211.2  Btu/lb  (216) 
RetlrtWll.yi  14. 36pLohm/ln.  (216) 
lonliatlcn  potentiali  3. 893  volt*  (216) 
haat  of  formation!  19.9  kcal/mol  (90) 

•pacific  heat  (Uq>  .0572  Btu/lb?  (216) 
•pacific  lie  at  (vap)l  .0372  Btu/lb'F  (216) 


Military  and  indurtrlal  u*e»» 

Sensitive  dementi  in  phot  oca  111,  radio  tubal,  and  Ion  propuldoa 


Flammabllltyt 

Spontaneouily  flammable  in  moiit  air  (195)|  gpontaneouttly  flammable  la  air  at  room  tempera 
ture  If  lurfac-..  li  clean  (143)j  ipontanaoualy  flammable  In  dry  oxygen  (143))  at  20* C  beat  of  re¬ 
action  with  water  nifficlant  to  ignite  hydrogen  raleaaed  (143). 


coffin 


Mol.  Wt.i 
63. 54 


Form  ul  at 
Ctt 


M.P.r 
1083*C  (79) 


Charatterlrtlcit 

Solid  -  rad  metal,  cubic  (79) 


d.  /to.  qr.i 
8.92  (79) 


B.  Pi 

259 5*  C  (79) 
2324’C  (195) 


V.P-l 

11628  (195) 


Svntha«ln 

(1)  decocnpoie  copper  citrate  In  vacuo  at  35n*-450*C  (77}[  (2)  vacuum  (500  mlciM)  evap¬ 
oration  and  condawation  (148)}  (3)  from  tul/lda  ora*,  concentrate  martins  faming  matte  - 
reduce  the  matte  to  crude  or  bllrter  copper  and  reduce  elactrolytically  (77). 

Unique  coodltlom,  reaction  productn 

Copper  foil  ipontaneouily  Igniter  in  gamoui  chlorine  (143). 

Solubility* 

1.  hot  and  cold  K20|  ».  HNOj,  hot  HgSOj)  v-  il.  »•  HQ,.  NH^OH  (79). 

Military  and  indurtrlal  mail 

Good  conductor  of  beat  and  electricity,  ueed  far  alloying  with  other  snetali  (77). 


Flammability) 

Flue  powder*  ipoaUnaouily  flammable  (148). 


Mol-  Wt.i 
4.032 


Formula! 


Svcoovraw 
Heavy  hydrogen 


M.P.i  OiaraeterUtlcw 

-254.  fl*21  (79)  Gar  -  colorleu  (79) 

d-/«p-  or. i  B.P.t 

2  (79)  -249- 7*C  (79) 

Synthni< 

(1)  2DzO  +  2Na  -+  D2  +  2NaCO 

(2)  D20  +  Mg  -4  D2  +  MgO 

(3)  electrolysis  of  1^0 

(4) 2D2OtO  ->  U02+2D;, 


Solubility! 

*1.  »-  cold  HzO  (79) 

Thtpnodvnamlc  properties! 
heat  of  fusions  4T  cal/g  (132) 

boat  of  evaporation!  (at  195  nun)  302-  3  cal/ g  (132) 
Flammability! 

Spontaneously  flammable  (27) 


EUROPIUM 


Mol.  Wt- «  Form'd*! 

151.96  Eu 


M.P.i 

USO  a  50’C  (79) 


Characteristic*! 

Solid  -  Kaal  gray  metal  (79) 


S&J 
5.244  (79) 

Synth*  sia 

Reduce  the  oxide  with  lanthlum  or  mlech  metal  (190). 


Unique  condition!,  reaction  product* 
With  H20  Uberatai  hydrogen  (190) 


Solubility? 

1.  hot  and  cold  H20  (78) 


Flammability! 

Oxidizes  rapidly  In  air  and  may  bum  spontaneously  (190) 
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HON 


Mol.  Wt.i 

Fctmulai 

SvBCsvmss 

55.847 

Fe 

Fesnen 

M.P.i 

Characteristics! 

1S3S*C  (19S|I 

Solid  -  silvei  cubic  metal  (79) 

d./sp.  qr.l 

B-P.i 

V.P.t 

7.  86  (79) 

3000*C  (195) 

l1**7  (195) 

Toxicityi 

NU,  except  very  low  on  inhalation;  threshold  limit  15  mg/m^  aa  oxide;  iron  dust  can  cause  con. 
Junctivitii,  chorioiditis  and/or  retinitis,  bon  ore  dust  can  cause  palpebral  conjunctivitis;  iron 
oxide  fumes  from  weldii.j  can  cause  chronic  bronchitis  with  continued  exposing  over  30  mg/m  3; 
flesh  iron  oxide  fumes  can  cause  metal  fume  fever  (195). 

Synthesis; 

2Fe(OH)j  A*  2Fe  +  6HjO  (80). 

3H2 

Unique  conditions,  reaction  products! 

Incandescent  reactiao  with  CIF3  (143). 

Ignition  temperature! 

(99  through  270  med>)s  320*C  (224). 

Solubllityi 

i.  hot  and  cold  HjO;  1.  acids,  alkaline  solvents,  alcohol,  ether  (79) 

Flammability! 

Pyrophoric  powder  produced  from  Fe(CH)j  if  reduction  temperature  is  lower  than  550*C  (30) 


HAFNIUM 


Moi.  Wt.t 
178.49 

M.P.i 
2330*C  (79) 

13.31  (79) 


Formula! 

Hf 

CharscteristiCM 

Solid  -  hexagonal  (79) 


■■P.i 

>3200*C  (79) 


*r»Wig 

TiMuuui  decomposition  o l  Its  iodide,  reduction  of  the  tetrachloride  or  of  die  hydro - 
flutahafnide  with  metallic  sodium;  reduction  of  the  oxide  with  a  mixture  of  calcium  and 
sodium  (132). 

Ignition  temperature! 

Oust  cloudl  20*C  («B*F)  (80) 

Solubliltyi 

s.  Hf;  I-  hoc  and  cold  HjO  (79) 

FlemnieMUtvt 

Spontaneously  flammable  (213) 


POTASSIUM 


Mol.  Wt.i 

Formulas 

Syponymsi 

39102 

K 

K  allium 

MJEsJ 

Characteristics! 

62. 3*C  (79) 

Solid  -  silver  cubic  metal  (79) 

•  • 

f  tei  arl. 

.86®  (79) 

B JLl 

760*C  (79) 

V.  P.  1 

1MI  (195) 

Toxicltyi 

High  as  irritant,  on  ingestion  and  an  Inhalation  (195). 


Synthesise 

KN3-»  K  +  3/2N2  (80) 

Unique  conditions,  reaction  product* 

Yields  KOH  iHjls  reaction  with  HjO;  potassium  meltr  and  (patters  and  releaset  raffleient 
heat  to  ignite  i-1'2  released,  if  confined  may  have  explosion;  potassium  metal  will  farm  KjOj  and 
KQp.  or  Kj04  at  room  temperature  even  if  stored  under  mineral  oil!  may  explode  if  handled  or  cut 
(195);  ignites  spontaneously  In  dry  Cl,  P  end  UO2,  Is  Incandescent  with  CHO3  and  NajOg  (142). 

SolubUltyi 

d.  to  KOH  In  hot  or  cold  HjO,  d.  alcohol;  s.  acid,  Hg,  HHj  (79). 

Handling! 

.Store  In  Inert  atmosphere  or  unde:  O2  flee  liquid  or  in  vacuum  glass  capsules,  keep  in  de¬ 
tached  fireproof  buildings,  do  not  heat  In  glass  to  melting  point  of  potassium  or  a  violent 
reaction  with  the  glare  takes  place,  dispose  of  by  allowing  small  pieces  to  react  with  moisture  ' 

in  air  and  turn  to  potassium  hydroxide  (195). 

Thermodynamic  procertlesn 

latent  heat  of  vaporisations  496  csl/g  (122) 

hast  of  combustions  43  keal/mol  (1,980  Bcu/lb)  (199) 
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Military  and  iaduetrlai  jjM 

Uaed  ini  lynthcili  of  inorganic  pottirium  compound*!  In  organic  lyrthaaia  involving  condanaa- 
Uoii,  dehalcgenaticxi,  reduction  and  polymerlaation  raactioaif  uied  a*  haa 1  tnuufar  medium  with 
lodiuci  (132). 


Can  ignita  ipontaneoudy  in  moiat  air  and  bum,  may  ax  pi  ode  (195) 

unniM 

Mol.  Wt.i 

Formula* 

6. 939 

U 

M.P.i 

<atn<!mutt6n 

l79*C  (79) 

Solid  -  toit  rilver  whlta  (79) 

i/liySL1 
.534^0  (79) 

B.P.i 

131 7*C  (79) 

Toxicity! 

V.P.i 


(79) 


Slight,  very  cauatic  in  IHjO  (19S). 


Synthetic 

(1)  JUBr  electric  archil  +  1/2  Dr2  (80) 

(2)  Elactrolyili  of  liuod  mixture  of  L1C1  and  XC1  (108) 

(3)  Reduce  oxide  with  magnerium  or  aluminum  (108) 


Ignition  tem  peraturei 

Autoignition  temperature  (la  air)i  180"C  (143). 

Solubility! 

d.  cold  H20  (79);  diajolvei  (with  u  volution  of  H2)  In  dilute  Ha  or  HjS04  (1»)|  «.  llqnld 
NH^  (132). 


Handling! 

Protect  from  phydcal  damage;  avoid  HjO,  high  temperaturca  and  halogenatad  hydrocarbon! 
(142);  immerae  in  inert  Oj  hue  tolvcmt  (108). 

Thermodynamic  ptopertleti 
heat  of  furiom  1, 100  cal/ mol 
heat  of  vcporiiatiou  32,  300  Cai/g  mol 
heat  capacity  (at  25*C)I  .  814  cal/g'C 
electrical  re  nativity!  4S.2Jg,  ahmi  (at  230*C)  (121) 

Military  and  indurtrial  man 

Powiblc  uae  aa  propellant  (108). 

FlMmuitelUtr 

Spontaneoualy  flammable  in  air  (142). 


1 

(ltt*) 
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MAGNESVM 


Mol.  Wt.r 
24. 312 

M-P.i 
65  TC  (79) 

d.sp.  gr.i 
1.745  (79) 


Formula! 

Mg 

Characteristics 

Solid  -  diver  white  hexagonal 
metal  (79) 

B.P.i 

1170*C  '79) 


V.P.t 
1«1  (19S) 


Toxlcltyr 

Injurious  il  embedded  in  riklni  irritant  to  respiratory  tract  (132). 


Unique  conditlom.  reaction  productw 

Spontaneously  flammable  with  moist  Fe  aud  Cl|  powdered  Mg  la  incandescent  with  boron  phoi- 
pholodide  and  explodes  with  chloroform  or  methyl  chloride (143). 


Ignition  temperatures 

(86*  passes  through  270  me*>  570*C  (224). 


SolublUtvs 

1.  cold  HjO,  CxOji  alkaline  solvents)  d.  to  Mg(OH]2  In  hot  HjO)  s>  mineral  acids,  concentrated 
HF,  ammonium  salts  (79), 

HandUnql 

Store  away  from  oxidizing  agents,  protect  from  stiitlc  electricity,  keep  containers  grounded, 
and  handle  carefully  (229). 

Thermodynamic  properties! 

heat  of  formation  (vap)l  35.907  Cal/mol  (at  298. 1*C)  (180) 
heat  of  formation  (sol)s  0  (180) 
dipole  moments  0  debye  (180) 
heat  of  fusions  2. 160  cal/mol  (180) 

heat  o<  vaporization!  32,517  kcal/g  atom  (at  1107*C  and  760  ram)  (180) 

heat  of  combustions  -146, 100  cal/moi  (181) 

critical  teraparaturei  2100'C  (181) 

electrical  conductivity!  38.6  (132) 

specific  head  249  cal/g  (132) 

Military  and  Industrial  used 

Used  in  light  alloys,  In  the  manufacture  of  precise  Instruments,  In  pyrotechnics,  flash  bulbs, 
and  flares  (132). 


Plammabllltvr 

Fine  powder  dissipated  In  air  presents  dangerous  fire  and  explosion  hazard  (229), 
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MAMCANF.KK 


MpI.  Wt.l  Formulrs 

54.93  Mn 


M.P.i 
12l2gC  (79) 

d.y.g.  gr.  i._ 
7.  44  (79) 


Characterlstlcss 

Solid  -  grayish  pink  cubic  or 
tetragonal  metal  (79) 


B.P.t  VP.  i 

21SZ*C  (79)  1128?.  (79) 


Toxic  itvs 

Maximum  allowabU  concentration  la  S  ung/w3,  high  chronic  systemic  on  inhalation;  modar 
ate  acute  systemic  on  inhalation  (195). 


Synthetic 

Electrolyze  MnS04.4HjO  +  (NH^SO^  diatlU  manganese  prepared  in  thin  fashion,  place  In 
Al^Os  beat,  establish  a  vacuum  of  at  least  .005  mmHg,  heat  to  1250-1350'C,  distill  metal 
deposits  as  small  needles  on  a  tubular  nickel  sleeve  cooled  by  HjO  (cold)  (90). 

Unique  conditions,  reaction  product* 

Powdered  mangauese  ignites  and  bums  brilliantly  In  Cl,  Incandesces  with  F  ,  Incandesces 
and  feebly  explodes  with  HNO3,  ignites  in  NOj  (143). 

Ignition  temiieratums 

(63M  can  pay  through  270  mesh)s  4S0*C  (40) 

SolubUitvs 

d.  cold  and  hot  HjOj  s.  dilute  acids  (79) 

Thermodynamic  properties! 

specific  heats  115cal/g  (132) 

latent  heat  of  fusions  63.  7  cal/ g  (132) 

Flammability! 

Product  of  synthesis  extremely  te active  and  ignites  upon  exposure  to  air  (90). 


MOLYBDENUM 


Mol.  Wt.  s  Formulas 

95.94  Mo 


M.  P.  s  Characteristics! 

2620  *  10'C  (79)  Solid  -  silvery  white  metal  to  grayish 

black  cubic  powder  (79) 


B-P.i  V.P.i 

4057^60  (79)  T5153"  (195) 


d.  / sp.  qr.  1 
10.2  (79) 


*4 

aAssaagas^. 

(1)  M0O3  +  l';2  ->  Mo  +  3HzO  (SO) 

(2)  3M0O2  r  4A1  ->  3Mo  +2AJ203  (SO) 


Unique  conditions,  reaction  product* 

Incandescent  reaction  with  C1F  3.  F  tad  PbOj  (143). 

Solubility! 

I.  hot  and  cold  H2Oj  *•  hot  concentrated  HNOj,  hot  concentrated  H^SO^,  aqua  regie,  HF  and  NM^  1 

II.  1.  HQ  (79) 

PlarrunabUliiyl 

Spontane  ouily  flammable  (240). 


SODIUM 


Mol.  Wt.r 
22.9898 


M-P.r 

97.<i*C  (79) 

d./tp.  gr.r 
.9720  (Tt) 


Fonnulai 

Nu 

Quracterlitlcai 

Solid  -  ill  very  cubic 
'metal  (79) 


B.P.i 

883*C  (79) 
a 

_D  , 

4.22  (79) 


Synonyms! 

Natrium 


V.t.i 

l.Z*00  (195) 


Tonlcltvi 

Acute  local,  (metallic  tedium)  (light  Irritant,  high  on  lageitlon  and  inhalation}  (soditun  (moke) 
moderate  at  Irritant,  high  on  ingeftloa,  react!  exoihermally  with  molttuie  of  body  or  tiatue  surface 
causing  thermal  and  chemical  burst  (195). 

Syntheslsr 

(1)  2Na2Mo04  +Zr  ->  4Na  +  r.r{Mo04)2  (80) 

(2)  2Na2W04  +■  Zr  4Na  +  ZrfWO^Jj  (80) 

(3)  NaN3  -*  Na  +  3/2N2  (80) 

(4)  electrolytic  production  from  luted  NaCl  (190) 

Ignition  temperature! 

Autoignition  temperature)  above  115*C  la  dry  air  (195). 


liability! 

d.  cold  H20  to  yield  NaOH  +  Hj,;  d.  a1  obol)  1.  ether,  (79) 

Hnndllaqi 

Keep  from  moliture,  Oj  or  halldei,  uie  sufficient  heat  to  prevent  condensation  (193). 


lfi 


Therm  odvw  an  tr  goggtta 
dipole  moment  ppi  0  debye 
heat  of  fc<r..';n£!o.i  (at  298.-  1*C)»  (sol)  .0 

heat  of  fomaaUoc  (at  298.  4*C)S  (vap)  -23.949  cal/ mo!  (182) 
heat  of  foil or.t  63S  ca l/g  atom 

host  of  combiwtioui  50  kcal/mol  (3,  920  fltu/lb)  (190) 

Military  and  Industrial  uaeu 

Used  In  the  manufacture  of  sodium  coaupotm da,  lead  tetraethyl,  used  x>  organic  syatbaais 
photoelecaic  cells  and  La  soilim.  Itm{a  (132) 

Flammability! 

Violent  reaction  with  ll^O  liberating  and  ignitiug  hydrogcu  (180). 

Heated  sodium  spontaneously  flammable  la  alt  (182). 


NICKEL 


Mol,  ttt.i 

S3.  71 

MP.j 
1455*C  (79) 

d-  /sp.  or.  i 
8.9C  (79) 


Toxlcltyt 

Large  quantities  cause  nausea,  vomiting,  dinrdtea,  central  nervous  systatn  depreeiem  and 
myocardial  damage  on  ingestion  (132). 

Synthesis! 

(1)  NiO  +  H2  -*  Ni  +  H20  (80) 

(2)  decompose  nickel  oxalate  in  vacuo  at  350'-450*C  (good  yield}) 

(3)  decompose  uickel  citrate  in  vacuo  at  350*-450*C  (poor  yield)  u71) 

(4)  decompose  nickel  formate  in  vacuo  at  350’- 450* C  (poor  yield)) 

Solubility! 

1-  hot  and  cold  H2<3,  NH3;  s.  dilute  HN03j  si.  i.  HQ,  HjSO^  (79) 

Military  snd  Industrial  uses! 

Used  in  alloys,  catalyst  for  hydrogenation  of  saponifiable  oils  (132). 

Thennodvntmic  crept rtieu 
specific  heat  (at  100*C)i  .  1123 
latent  heat  of  fusion!  73  cal/  g  (132) 

Mohs'  hardness!  38 


Formula! 

Ni 

Characteristics! 

Solid  -  silver  metal, 
cubic  (79) 

B.P.!  V.P.s 

2730*C  (79)  i1510  (195) 

2900* C  (19S) 

3177*C  (80) 


Spontaneously  flammable  (30). 

Fhosphorus 
(Whit*  at  Yellow) 


Mol.  Wt.« 

Formulas 

123.8952 

M.P.s 

Character  Utica* 

it.l'C  (79) 

Solid  -  yellow  to  white  cubic 

"0  * 

(79) 

or  wax  like  (79) 

zlu 

d./tn.  nr.  1 

1.82*®  (79) 

B.P.i 

280'C  (79) 

V.F.* 

(79) 

Toxicity* 

hu*f  in  as  Irritant  but  only  lUyhtly  toxic  j  uny  from  ddn  (ceiue*  *ev«n>,  difficult 

to  handle  bum*)  (19S). 

Svntha«ln 

DUtUl  commercial  phoeplioru*  in  CO2  abnoaph ere  to  mmove  ananlc  or  malt  white  phorphoru* 
(commercial)  under  dilute  duomoeutfinlc  acid,  *tlr  vly**ou*ly  with  glow  iwd  and  altar  mUdlfica- 
tioo  waah  with  dlatllled  water  (80). 

U«tiqm  coBdjtjgaii  reaction  pgoductu 

Give*  off  danaa  white  mi  alt*  of  phoephocom  pentoxld?  ant  phoephoric  ecM,  moke  ha*  great 
ohecnrlag  power  (132). 

Solubility* 

.000335  Hjpj  *1.  a.  hot  H2O1  .  3  alcohol!  88010  CS,(  a.  CjH  ,  NH  ,  alheJirw  isiiMit, 
ether,  chlorine,  CjHjCHj  (7»).  ” 

Headliner 

Handle  with  force oe,  keep  under  water  (132). 

MUltw  and  laduririal  imm» 

Powerful  incendiary,  piece*  adhere  to  iHa  and  clothe  •,  ueed  by  in  World 

War  II  for  (sieealm  nziaka*  la  hand  grenade*  and  mortar*.  New  uead  axtenfivaly  for  incendiary 
pirpoea*  lu  dtella  and  biKta,  ueed  In  ma^che*  (18ji  uead  a*  rat  poiaooi,  go*  analyst,  and  with 
metal*  to  foaa  {hofphldr*  (132). 

Flammability* 

Spontaacoutly  flammable  in  air  at  JVC  (79). 

PHOSPHOROUS 

(red) 

Mol.  Wt.i  Fcemula* 

123.8952  f4 

If 


M,P.» 

590«  (7H) 

u. /iip.  gr.l2.  34 

2.34  (79)  _ 

Ignites  200’C  (79}  4.77  9/ cm1  (195) 

Toxicity 

Slight  u  irritant,  moderate  oc  ingestion  (195). 

Synthetic 

Formed  from  vrt  He  p'/xephorus  st  240'*C  1b  absence  of  (214). 

Unique  condition*.  tt action  producUl 

Exploeive  when  mix'd  with  oxidizing  materials  (193). 

Ignition  temperature! 

Autoignltioo  temperature  500*F  (195). 

SoluhlUtyi 

v.  il.  1.  cold  H2Oi  1.  hot  HjO,  CSj,  alcohol,  NHjj  4.  absolute  alcohol  (?») 

Handling! 

Ship  in  cant  or  drumi,  protect  from  physical  damage,  aon  in  cool  place  with  sdwquate  ventt- 
lation,  separate  from  other  material*  (190). 

Military  and  induatrlal  uses* 

Uted  in  matches  (214). 

FlammabiUtyt 

Commercial  red  phosphorus  subject  to  spontaneous  combustion  in  thick  layers,  critical  thick- 
new  of  layer  defined  by  Y  =  2X  *  (K(T0  -  T.J/Ql1/2  where  Y  *  critical  thickness  of  layer  a  la 
centimeters,  above  which  spontaneous  combustion  occurs,  X  “  distance  in  cm  fmn  place  Of 
wax,  K  =  hast  transfer  coefficient.  To  v  autogenous  temparcture,  Ta  *  amhtnnt  tem|W retire, 

Q  =  heat  of  reaction  in  cal/cc/sec.  The  thickness  of  layer  above  which  spontaneous  com  bunion 
occurs  is  inversely  proportional  to  the  temperature  of  the  rate  of  glut  ration  of  heat  which  is  di¬ 
rectly  proportional  to  the  oxidation  rate  of  red  phosphorus  (212). 


UAD 

Formula! 

Fb 

gfeaagttd^g! 

Solid  -  silvery  bluish  white 
soft  cubic  metal  (79) 


B.P.«  V-f-« 

15irC  (79)  1*73  (195) 


Mol.  m.» 

207. 19 

MP.i 

327.  43“C  (79) 

d./lP.  gr.» 
11.238*0(79) 


ChaT-rtaristiraa 

Solid  -  reddish  brown  cubic 
or  amorphous  powder  (79) 


B.P.a 


VP.i 
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Sndit|Jj| 

D« compote  Urtrmte  by  heating  over  aluminum  bunar.  dried  cryttal  >r>M! 

£4 iteration  cea*ei,  heat  beyond  SOO'-SOO'C  loet  pyrophoricity  (74) 


SolubUKryi 

i.  hot  usd  cold  HzO|  i.  HNOj,  hat  concentrated  HjSO^  (79) 

Thennodvnatuic  trope  rtiew 
latent  heat  of  futiam  5.  *9  cal/g  '  ) 

latent  heat  of  vaperitatiaax  204. 6  cal/ g  j 
electric  cl  redetirttyl  >4.6  pt  ohmi  (at  327*C)  [(121) 
eurface  tenatont  442  dynei/cm  (at  3S0*C)  \ 

yiaotmabilltyt 

Spauaaneotuly  flammable  (115) 


nxiTQKCM 


Mol.  Wt.< 
242.00 


Form  ul  at 
Pu 


M.p.i  BP.t 

639-5  i2’C  (79)  3235  *  19*C  (79) 

Toxicltvt 

Highly  toxic  (195). 

Synth  etin 

Obtained  by  netdroe  bombardment  of  U2*®  ;~7) 

Military  and  lnduetrlal  unn 

Nuclear -reactor  fuel  and  product  (57). 

Ebatgibffltg 

Chip*,  turning*  and  fine  pwttclei  ipontitnaoualy  Ignite  (56). 


RUSDUM 


Mol.  Wt.t  Formulas 

85.47  Rb 


M.F.t 
38.5'C  (79) 


Character  t*tlc*i 

Solid  -  rilver  white  eeft  metal  (79) 


iJjSL.,  ax-*  »•>■» 

1. 552  (*ol)  (79)  70Q°C  (79) 

1-47SM’5  (lig)  (79) 


1»7  (195) 


Toxicity  l 

Moderate  (acute  (ytCemlc)  on  lnjeatioo)  (light  (chronic  local,  fyttemlc)  on  Insertion  (195). 


Svntfaczin 

(1)  2JU»2C»Oh  i  Zr  -b  4Rb  +  ZifCrO^  \ 

;2)  ZKbi^O-;  +  Zr  ->  4Rb  ♦  Z^QjOy),  USO) 

(3)  RbCl  +  l/2Ca  -b  1/Z  CaClj  +  Rb  ) 

Unlane  coodittoci,  MjcUag  pnoducte 

F.zplotiv*  reactioe  with  aclde  and  oxidize  r«  (195) 

Solubility! 

d.  hot  and  cold  CigO,  alcohol |  I.  acid*  ^/9) 


Keep  lmmentd  la  dry  aatmatad  hydrocarbon  liquid  or  Inart  gat  atmotpban  (210). 


Thermodynamic  propertlcM 
reeUtlvltyi  8.  81  ^  ohm /In. 

Ionization  potential!  4. 124  volta 
thermal  conductivity  (llq)l  11  65  Btu/hr  ft‘F 
thermal  conductivity  (vap)l  .  00482  Stj/hr  ft*F  }(216) 
•pacific  heat  (Uq)l  ■  0877  Btu/lb'F 
ipeclflc  heat  (vap)i  -0578  Btu/lb'F 
latent  heat  of  furious  11. 79  Btu/lb 
latent  heat  of  vaporization!  347. 8  Btu/lb 


Military  and  lpduitrial  uaetz 

Used  In  rubidium  zalti,  reagent  In  reolite  catalynta  ud  in  photoelectric  ceUa  (112). 
Flammebllltyz 

Exnloaive  reaction  with  H^C  (195)|  ionite*  tpoetaneouzly  la  dry  air  (216)|  heat  of  reaction 
with  HjQ  ignite*  hydrogen  liberated  (143). 


Mol,  Wt.i 
256-, S12 

M.Fil 

CL  95. 5-112. 8*C  (79) 
6  118. 75*C  (79) 
y  about  120*C  (79) 

■l./zp/ at.t 
C1  2.0720  (79) 

8  1.96  (79) 
y  1.92  (79) 


SULFUR 


formula! 

h 

Qiaracterirflcw 
a  Solid  -  yellow  rhombic  (79) 
8  Solid  -  pel*  yellow 
mo-jocUt.'c  (79) 

Y  Solid  -  pale  yellow 
amotphoci 


Sulfur  flour 
Flower*  of  lulfur 


BPi 


■iJ 


444.6*0  (79) 


(1*5) 


a  1.95?  (79) 
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Toxic  Iftvt 
Vary  low  (195). 

Srathahn 

Purify  commercial  <ulfur  by  repeated  racryetalLatioo  Item  CSj,  of  boll  liquid  aulfur  with  MgO 
amt  allow  to  Hand  at  j25*C  overnight,  111  tar  Mttlad  black  aludge  through  glan  wool  (MgO  and 
iliadge  eeparata  rapidly)  tract  dear  filter  four  time*  la  ami  matmar  (boll  25-30  bn)  cool  vary 
dowly  gat  vary  pure  auUur  (SO). 

frlttf1”*  ^fwnpaaatwHH 
Fla*  paint)  405*F.  (195) 

Ai*olq.nitim»  temperaturei  450*F  (195) 


5?lH>»tl»ty. 


1.  hot  and  cold  H^O 

a23*CS2>  cl.  i.  CjHgCHj,  alcohol,  CgHg,  other,  Uqidd  KHjj  c.  CC14 
3  70*052)  i.  alcohol, 


(79) 


Yi.  CSj 


Military  and  laduatrlal  man 

hi  HjSO,j(  vulcanizing  agent  In  rubber,  ingredient  In  gunpowder,  conodon  nedataat  cemeati, 
pa  par  manufacture,  plaattca,  aad  medicine*  (214). 


niwirpMHftr 

Spootuaoucly  Oammabla  (211) 


SBJCON 


Mol-  Wt.i  FcrmuUi 

21.  OSS  SI 


M.F.I 
1410’  C  (79) 

J/tP;  flf» 
2.32-2-34  (79) 


Charaaearl*tlc«i 

Solid  -  itaal  gray,  large  to  micro 
cubic  cryatal  (79) 

B-P.i  V.P.t 

2355*C  <7»J  1172?  (79) 


Ualoua  condition*,  reaction  product* 

Spontanaou*  burning  in  gaaeoua  chlorine,  react*  violently  with  A *Fj  (143). 

Ignition  temperate  ra» 

(MN  pan  through  270  medi)»  775’C  (240). 

Solubllitvi 

1,  hot  and  cold  HjO,  Hf  |  r.  HF  and  HNOj  (79) 

Spootaneoualy  flanaaabla  dual  (240). 


TIN 


Mol-  Wt.l 
118.69 

M-P-* 

231. 9'C  (195) 

d. /ip.,  gr-t 
S.  75  (195) 


Svrithed** 

Decompofe  tin  oxalate  or  tin  tartrate  In  vacuo  at  35O*-4S0*C  (77). 

Unlqua  condition!,  reaction  producta 

Tin  react*  with  heated  chlorine  to  yield  light  and  more  heatj  NajO^  oxldlari  tin  to  In 
cande*cen0'3  (143). 

Solubility* 

1.  hot  and  cold  HjOj  i.  HCIjHjjSO^,  aqua  regia,  alkaline  wlveatii  il.  i.  KNOj  (79) 
Flammabllltyr 

Spcntaneoudy  flammable  when  finely  divided  (115). 


Fcemula* 

Sn 

Characterjjtlcn 

Solid  -  gray  cubic  cryitala  (195) 

B.Pi  VP -i 

2260*C  (79)  ll*92  (193) 

!d. 

(114)2.1  (79) 


STRONTIUM 


Mol.  Wt.l 
87.62 

M.P.  * 

752’C  (195) 

774* C (79) 

am 

2.620  (  79) 

Svntherin 
SifNjJa  Sr  +  3N2  (80) 

SolublUtyi 

«.  liquid  NH3i  HNO3,  HC1,  dilute  H3SO4  (132) 

Military  and  lndmtrlal  met* 

Firework*,  red  dgnal  flare*,  tracer  ballet*  (132). 

Flammability* 

If  finely  divided  ignite*  on  exposure  to  air  (132). 


Formula* 

Sr 

Characterlitlc** 

Solid  -  diver  white  to  pale 
yellow  metal  (79) 

B.P.*  V.P.* 

1366*C  (79)  10*92  (79) 


23 


24 


i 

I 


Mol.  Wt.i 
238.03 


Ponnulat 

U 


URANKIM 


M.P.i  amgwjtfgj 

1132tl*C  (79)  Solid  -  tUvWc  catts  ntdio- 

active  (79) 

d. /sp.  Ot.l 

19.05  i  .0225  (7»)  B.P  t 

38irc  (79) 


Toxlcttyt 

High,  radioactive,  toxic  whan  Inhaled  or  swallowed,  (chemical  poison  affects  Iddneyi) 
maximum  accepttble  concentration  (ACG1H)  -OS  mg/m^  air  (soluble  uranium  compounds)) 

.25  mg/m3  tlr  (insoluble  urauium  compounds)  (195). 

Synthetiu 

(1)  UOj  +  2Ca  — >  U  +  2CaO  (metallic  calcium  reduce]  oxide)  (90) 

(2)  Reduce  lljOg  by  freshly  distilled  calcium  la  high  vacuum  (yields  very  pure  uranium)  (80) 
fCaClg  +  B&Q2  (prefixed)  edded  to  reactant  mixture  above  improves  procedure)  (90) 

(3)  Ud4  +  4Na  -*■  U  +  4NsCl  (90) 

(4)  UCS  +  SN*-»  U  +  SKaCl  (90) 

Unique  conditions,  reaction  aroducta 

£x plt-Jlve  reaction  with  HNOj)  ignites  In  warm  NOj!  iecasdea'ant  ra action  with  let 
SecrS  (143). 

Ignition  temperature! 

(10OH  through  77G  med.)i  20*C  (240). 

SoiuhUityt 

1.  hot  and  cold  HjO^alkallai  solvent,  alcohol)  s.  acids  (79) 

Thermodynamic  pronertisw 
specific  heat  (at  25*)»  6.65  (132) 
hast  at  fusion!  4. 7  kcel/mol  (132) 

Flammability! 

Powder  spontaneously  tUsunahle,  spontaneous  ignition  may  result  in  Intents  heat  and  fumes) 
If  dry  ignites  Us  sir,  if  dispersed  in  sir  erplodut  (12). 


Mol.  Vft.i 
183.85 


M.P.i 
34  WC  (79) 


TOtfGSTEN 

Fcsmulai  S/nosmcsi 

W  VfoUnm 


aaasiza&ss 

SoUd  -  fray  black  cubic  (79) 
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d./m.  r.t.i  S.r.;  V.  F.  I 

19,3520  (7»)  5900760  (79)  71550  (195) 

4 

(1)  0  tungaten  it  ptapere d  by  electrolyria  tad  thermal  reduction  of  WO3  (194) 

(2)  fluorldlm  W  la  vertically  rlting  hydrogen  are  ere  and  fallow  by  reduction  of  WO3  or 
ampionium  per  etupgrtr-e  to  pure  tungiten  powder  (grain  growth  it  tuppremed  by  yellow 
oxide  peeeent  *1  guapandon)  (722) 

Solubility! 

1.  cold  ndketHjO,  MF,  and  KOH|  v.  el.  1.  HNOj,  HjSO^,  aqua  reglei  <■  HNOj  +  HF  (79) 

Thermodynamic  propertiaw 

•pacific  beat  (it  20*C)I  .032  cal/g/*C  (132) 

beet  of  fuaictu  44  cai/p  (132) 

heat  of  veporlxetloai  1150  cal/ g  (132) 

Military  eul  lnduarial  utew 

bcreeie  hardaew,  toughneu,  elaxticlty  end  teadle  lirength  of  ateel,  mcnul'actUTe  alloyi, 
fU omenta  for  lacendeecent  lights  tad  electron  tuber,  olio  uied  for  contact  polntt  for  automotive, 
telegraph,  radio  and  TV  appeiatui  (132). 

flemmabllltvi 

0-tuegden  tpantoneoudy  flammable  (194) 


ZINC 


Mo^Wt.i 

65.37 

M.P.r 

419.47*C  (79) 

LlSSUXiL 

7.14  (79) 


Toxlcttvt 

When  heated  it  evolve!  fumea 
fume*  15  mg/ai3  (143). 


Formula! 

Zb 

Oiam-terlidcas 

Solid  -  bluiah  white  hexagonal 
metal  (79) 

B.P.t 

90 77e0  (79) 


ceuee  "breea  found  on  ague" 


V.P.r 

1487  (|95) 


(19S){  thrediold  limit  of 


Svntfaerin 

Dec  ern  poet  tartrate  by  heating  over  aluminum  bur.vir,  heat  dried  cryftel  tactracer  until  get 
generation  ceeeei,  If  heat  to  500" -600* C  ioeei  pyrophoricity  (76). 

ynloue  owHtiaai.  reaction  products 

Evolve  1  Hj  with  alkali  hydroxidca  (132)j  inccuiaacent  reaction  rrith  CSj,  bunu  in  ntoitt 
chlorine,  explode*  with  heat  with  Mongeneae  chloride  or  Potanlum  nitrate)  lncondeaccnt  re¬ 
action  with  Mlcnium  or  tellurium  or  WajOj  (143). 


r 


* 
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Ignition  temperature! 

(100*  through  270  ro«**h)*  SQO'f'  foil}) 


Solubllltvt 

J.  hot  ud  cold  HjO;  i.  «cid»,  alkaline  aoivent,  meat* c  acid  (79) 


Handling! 

IVoUct  from  phydeal  damage.  *o»  <m  cool,  dry,  wall  reetllaiad  pUce,  mpvat.  lr0B, 
acid.,  halogenated  hydrocarbon,  and  strong  alfctil  hydroxide.,  jeotac*  ft**, 


Thgnnodynamt.;  properties 
Mohi*  hardneiu  2  5  (195) 
electrochemical  eaulvalentt  1.220  g/anp  hr  (195) 


-  — — —  »  — iwimmij  UlCB 

J£J  ^  <*h“  *l**«**«ta9,  '«**  <*UctHca>>,  and 


Flammability) 

Bulk  dutt  In  cUmp  date  may  h rat  .pontaneoudy  and  Ignite  on  ,Xi30eu»  to  ^  (142) 


ZIXCCMXIM 


it 

Mol.  Wt.i 

91.22 

Fonsulai 

7j 

* 

M.P.i 

1K7*C  (79) 

Uurtcterlai  ca 

Solid  -  diver  gray  metal  (79) 

d-/tp.  ar.i 

6  49  (79) 

B.P.r 

>2901>*C  (79) 

Toxlcltyi 

threshold  value  S  mg/m  ’  airj  low  for  aci*e  .usd  chronic  expo*ne,  (195), 
Svntfaetia 

(1)  Zrf4  ->  Zr  +  2^ 

(2)  ZrOj  +  2Ca  ->  Zr  +  2CaO 

(3)  X2ZtF6  +  4Na  -*  Zr  +  2XF  +  4MaF  (80) 

(4)  Z1CI4  +  4Na  -y  Zr  +  4NaCl 

(5)  ZrC4  +  2Mg-y  Zr  +  2Mgd2 


* 


*L 


MBBaS  congitiooi,  reaction  product* 

Witt  borax  explode,  when  heated,  explode,  violently  with  cupric  oxide,  .light  exnlc-i,*, 
potent  um  chlorate  and  heat  ce  potaedum  nitrate  and  beat  (143)  *  ^ 


Ignition  temperature » 

KM’F  (27) 

Autoignition  temperaturei  SOO’F  (195) 
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Solubility! 

1.  hot  uid  cold  HgO;  HF,  aqua  regia)  il.  i.  CH3COOH  (79) 

Handling! 

Ship  *n  glut  or  metal  cenUUn  liudde  woe  den  boxel,  metal  barrel!.  Protect  from  fiytical 
damage,  i relate  from  oxidizlag  matadali  (142). 


Thermodynamic  gopattlea 
Bttnnel  baidnen  1  83  (132) 

Military  anti  jajMBUl  uacM 

Struct  teal  material  for  atomic  reacton  (132) 

Flarawabdltyi 

Powder  rpontaneouily  flammable  la  air  (27). 


(b)  ALLOY'S 


CERIUM  AMALCAM 


Mol,  m.t 
CeHg4  942.57 
CeHg4  541.  3S 
CeHg  280.26 


Formula! 
CeHflA 
CaHgjWM) 
CoHfl  y 


Flammibllltya 

Spontaneously  flammable  in  alt  (233) 


CUUUM'lNDAiM  ALLOYS 


Mol-  Wt-i 
Ce2In  39S.00 
Cein  254. 94 


C*2InJ 


624.70 


Formula! 
Ce2la3 
Cab  [(23$) 


Unique  condition! ■  reaction  product*! 

Cebj  not  pyrophoric  (235) 

Military  and  induitrial  ueew 

Spontaneomly  flammable  alloy*,  0M-30M  Ce  alloy  ha*  the  greeted  pyrophoricity  (235). 


CERIUM  HYDRiOS  AMALGAM 

Formula! 

(Ca^fHj^ 

Flammability! 

Concentrated  mixture*  of  CeH3  and  Hg  on  admitdoa  to  air  ra.idiy  develop  a  luminou*  black 
precipitate  and  ignite  apcmtaneouily,  black  precipitate  reasonably  pure  CaH-j  CeH ^  amalgam 
broken  under  water  results  in  a  vigorous  reaction  evolving  Hj  and  sparks  (215). 


COBALT  AMALGAM 


Formula* 

iCo)x<Hfl)v 


Charar.terirdcw 

Solid  -  gray  to  black 

FSWto r  {*«) 
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Sa&tfie 

(i)  Eiccvoiyiic  reduction  of  cubait  by  «  mercury  catbooa  lonni  a  iiuptnnon  of  fine  metal  powder 
in  mercury,  reparation  of  mercury  by  vacuum  dlitlllaUon  yield*  cobalt  amalgam  (169))  (2)  react 
eodlum  amalgam  and  concentrated  aolution  of  cobalt  chlorldal  (3)  potareium  amalgam  la  aolution 
of  cobaltoua  chloride  eulphate  or  nitrate |  react  due  amalgam  la  aquaoue  aoliddon  of  ccbaltou*  chloride 
•aturated  with  ammonia  (yield*  hydrogen)  (131). 

Solubility! 

«1.  d.  K20)  1.  Kg  (131). 

Flammability! 

Spontaneoualy  flammable  ( ld9). 


CHROMIUM -COBALT  ALLOY 

Foemula! 

(Cr)x(Cc)y 

Character  leticw 

Solid  -  tetragonal  cryatala  (Co Cr)  (131) 

Unique  condition!.  taaction  oroducta 

W  lacible  la  all  proportion!,  minimum  cryetalliration  temperatwe  la  1320*C  when  lured  man 
hae  47*  chromium,  itructural  change  at  1226*C  with  30-100*  chromium  (131). 

Flammability! 

Whan  amallar  than  1|A  are  eponteneoutly  flammable  alloy*  (240). 


CESIUM  ARSENIC  ALLOY 

Mol.  Wt.  i  Form ul a* 

473. 6S  CrjAl 

Flammability! 

Spontaneoualy  flammable  (240). 


CESIUM  BISMUTH  ALLOY 


Mol.  Wt. I 
682.64 


Formula! 

CijBi 


FlammaMUtyt 

Spantanc oualy  flammable  (240). 


1 


» 


CESIUM -ANTIMONY  ALLOY 


Mol.  Wt.  i  Fcrmular 

(Ci3Sb)  59b. 41  CijSb 

(C»5Sb4)  487.04  CigSb^ 

Flammability! 

Spontaneoualy  flammable  (240). 


IRON  AMALGAM 

Formula! 

(F«)x(Hg}y 

Charactarirticai 

Solid  •  gay  to  black  powder  (189) 


Syntherit; 

Electrolytic  reduction  ot  iron  by  a  mercury  catho  •  too m  a  uupeualcei  of  One  metal  powler 
in  mercury,  ae partition  of  mercury  by  vacuum  dlatlllatlon  yield!  iron  amalgum  (169). 

Flammabilltyi 

Spontaneoualy  (lammiMe  (169). 


POTASSRJM  ARSENIC  ALLOY 


Formula! 


Flammability! 

Spontaneoualy  flammable  (240). 


POTASSIUM -PHGSTHCWJS  ALLOY 

Mol.  Wt- 1  Formula! 

148.27  KjP 

Flammability! 

Spontaneoualy  flammable  (240). 


POTASS  RIM  -ANTIMONY  ALLOY 

Mol.  Wt.  I 
(KjSb)  239.06 
(K5Sb4)  682.S4 

Theanodynamlc  prooertiaai 

heat  of  formation  (K3Sb)i  -17850  *2000  cal/g  atom  (at  29S*K)  (87). 


Formula! 

K.Sb 

K3Sb4 
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Flittf  /rtaUli  rjM 


SiOTUr,«*Jy  JiAmuubis  (240). 


teLJi&i 

(UgSb)  3S9.80 
(USbJ  259.68 
(LaSb7)  382.46 

FlammaUqirp 

Spootanaouaiy  flammable  £3^, 


IANTWUM  -  AHTMCtfY  ALLOY 


Formula! 

LaSb 

LvSbg 


(235) 


LrrHttJK  phosphorus  Auny 

Fopnulm 

UP 

S*gni»bUltvi 

Spootanaoualy  fl«mnabje  (240) 


MoL  Wt.i 
37.91 


MANGAHESE-USMUTH  ALLOY 

ztzr1  CarnfaL 

Mufti 


Fl«nm«bmtvi 

Spontaaeoudy  flammable  (240). 


(HBjN»)  624.82 
(tygNO  1765.81 
(H^N«  )  Sift,  17 
(Hg4Naf  82  S.  43 
(HBjHa)  424.21 

<%Na)  223.» 

(H9jN«3)  470. 19 


Formula! 

”fl3N*.  Hg8Ha7,  HgjNaj,  Hfl2Na, 

H92n*.  HflNa,  H32N.s  («) 

CfaawccerinacM 

2n-‘  ^^T90,ul  cM  Md*'*d 

KsN*  Solid -orthogonal  cry*al 
HSjNa  Solid  tetragonal  cryrtai 
_*VS  Solid  rhombic  crystal 


r|  5  - ‘  'WWiW  < 

Solid -hexagonal 


(6S) 


(1)  C3aaa  mditaa  matal  it  cubad  fS  mai 

(5  mat),  quit  triHt  pointed  nlau  awi  ^ 

fllaai  rod  and  rapidly  laiwdue,  (* 
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cl  vrsss  {20*  ~’C)  pur.  jS0)i  (ZJ  iWeci  swunm  by  layer  of  umu  and  n«jt, 

then  add  mercury  in  d'.t'pi  (80)' 

Unique  conditions.  reaction  croductn 

Moisture  hi.  iudou'  solid,  decomposes  water  to  yield  hydros vt  (27). 

Flammability! 

Liable  to  )rrbdnca  lire  upon  becoming  mof.it  or  in  contact  wills  wader  (27). 


SCDKJM-POTASSDM  AUCV 
Formulas 

m»)x(K)„  (40  SOKK) 

Charge  tcilrtlcn 

Liquid  -  sUvev  white  to  yellow 
orange  fii  fir)  (142) 


Toxicity! 

Liquid  c«, uni  severe  skin  and  eye  burn;  (142). 

Unique  condition!,  reaction  product* 

Reacts  with  water,  generate!  sufficient  heat  to  ignite  tiu  hydrogen  paoduced  in  the  jeoeaace 
of  air  (193)|  reacts  violently  with  CC14  and  CO.,  M42). 

Handling! 

Protect  from  physical  damage  cm1,  heap  away  hi'm  water,  avoid  high  feraperamre  (142). 

Thermodynamic  propestitM 
JtNa  Cibfcu  free  energy 

40*  245  cal/g  atom  ^ 

CDflt  245  tal/S  atom  )  ’3d) 

cut  X30  cxI/3  atom  ( 

SOX  13S  cal/g  Atom  J 

Military  and  jndujftrltl  use* 

Used  at  efficient  heat  tia.-xf«r  medium  in  some  nuclear  power  developxcnts..  certain  engines 
ai>d  unipolar  generator,:,  in  unipolar  machines  (s  tye,  ar  current  coilectiur  for  high  roCop  currents  (298) 

Hemiflabilityt 

Sponfcu»e<iM*ly  flammable  in  air  shore  llS'C  (339). 


SODIUM  IT  VD  ALLOY" 


Mol.  Wt.l 
tNalsPb4)  117S.0SI 
(N*HPKl  529.37 
(NsiJPtS  1035.75 
(NaPbl  2.50.23 


Fcrmtd.it 

(Na)xJPb)y 

(88) 


Thermodynamic  nrowrtia* 
xFb 

Oibb*  f.e."  anarav 

Enthalpy 

Entropy 

•2  (Nt15Pb4) 

-3600  cal/g  atom 

-400  cal/g  atom 

-.  7  cal/*Xg  atoan 

•  236  (Na5TV2) 

-4000  cal/g  atom 

-5000  cal/g  a  toe; 

-■  4  cal/*Kg  atoan 

.  306  (NifTbj) 

-5000  col/g  atom 

•  5200  cal/y  atom 

-.  7  cai  '*Kg  atom 

.  50  (NaFb) 

-53S0  col/g  atom 

-5630  cal/g  atom 

-1.5  caI/*Kg  atom 

.TO#> 

-3450  cal/g  atom 

-  3300  cal/g  atom 

-  •  6  cal/*Kg  atom 

Flamznahil  Itvr 

(*400) 

(±a») 

(il.0) 

When  wet  yieldi  Hj  which  may  ignite  ipoutnnecualy  (27). 

NICKEL-IRON  ALLOY 

yocnuUt 

/Ni)K(te) 

U niter  in  all  pcopoitlcci  (131) 


Combine  Iran  and  nickel  oxalate  In  nitrogen,  reduce  with  hydrogen  nt  150*C  to  yield  Iron- 
nlckei  alloy  (240). 

mrarr-ttlttr 

Spontasroaely  flammable  nlioy  (240). 


NICKEL  LAlfTHSlM 

Mol.  Wt.»  Formula; 

256. 34  *3,U(23») 

Flammability! 

Spcntaneoualy  flammable  (2  36) 


&UVDKJM-ARSENIC  ALLOY 

IfeL-ftUL  Esmids? 

331.  36  RbjAa  (240) 

Flammability: 

SpOk_t*neoujly  flammable  (240) 


RUMDIJM-BISMUTH  ALLOY 

ESSUJittL 

RbjM  (240) 


BBBISfiMgn 

Spontaneoualy  flammable  (240). 
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IVUUUftiM-ANTMUNY  ALLOY 


Mol.  Wt.l 
(RbjSb)  373.20 
(Rb5Sb4)  487.04 


Formal  ei 

RbjSb  (240) 
“**4 


Flammability! 

Spoutaneoualy  flammiM»  (240). 


THcnuM  $n.var.  alloy 

Formula! 

(ThMAgJy 

Unique  coriMgfc  reaction  products 
(Th)x{Ag)y  +  ali  -i  ThOg  +  Ag 

Flammability! 

The  telf-iftnitioc  of  rilra -thorium  alloy?  !i  berod  on  the  fjxMMjweau  mitlrtaa  ei  thoriun. 
following  the  ilecottp portion  of  H-O.  The  hydrogen  evolved  by  the  decompaction  of  HjO 
biene  cxtnlyticaUy  ioulat  the  lnfluoace  of  diver,  the  energy  thereby  governing  the  t^ndnaestn 
oxidation  of  thorium  (183). 


URAN8JM  -BISMUTH  ALLOY 


Mol.  Wt.t 
(UBi)  447.06 
(U3bl4)  1342.17 
(UBlj.)  656.05 


Fonanla» 

UBi  ") 
U38i4((240) 

u«2  ) 


Flammability! 

Spoutaneoiuly  flammable  (over  30H  V  very  pyrofhoric)  (240). 
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(c)  AM  ID  15,  5MIDES 


M.P.I 

Mn*jiwv,c  (1—5 


Solid  -  ccdociew  cubic 
UinIIci  (79} 


d.7m.  ar.  > 
i.  17*1*5  (132) 

SyaAfiilpi 

U  +  NHj  -f  JUNHj  +  1/2HJ  (138) 

Unjag  condition*.  leacflou  PQ*h»*0 

Subllnu  la  NHj  entrant  (132)(  UNH,  +  HjO  -t  UOH  +  NHj  (132). 

Solubility! 

I,  cold  HjjOj  d.  hot  M20|  il.  t.  liquid  NHj,  alcohol 1 1.  ether,  C^H#  (79) 

TTmmgdynegilc  gSB*SSS? 

heat  of  formations  42  heal/ 9  mol  I, at  lfi'C  and  7(0  nun)  (132) 
Flammability! 

React!  with  molature  yielding  «  dangomur  unow *  el  heat  (27) 


Mol.  Wt.i 
90.96 


LTTHUjfM  DWinmAMlOK 

EgawteL 

UN(CHj)2 

Ch&JaCtetlfUcg 
Solid  -  white  (53) 


FlammabiUtyi 

Spoottuoudy  flammable  (S3) 


MAGNESFJM  Oi/MNDZ 


Mol.  Wt.  > 

S6.36 

M.P.I 

d.  350*-400*C  (79) 


Fousuiei 

Mj(NH2)2 

B.P.l 

decompocei  (79) 


Character  iaticB 

Solid  -  (pay  powder  (79) 


Svathtna 

(1)  bum  action  of  ammonia  on  ether  aolutloa  of  MgfCjHjJj  oe  (2)  on  Mg  activated  with 
IjatdOO’C  (132). 

Unlaua  condition!.  reaction  godgtg 

Violent  reaction  with  water  to  yield  ewimoeia  gaa  (195). 


SoluMlltyi 

d.  cold  HjO  alcotcl,  v.  ii.  t.  liquid  NHj  (79). 
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FUmmabUltyt 

Spontaneously  flammable  In  all  (195). 


SODIUM  AMIDE 


Mol.  Wt.t 
39.01 

M.P.» 
ilO’C  (79) 


Svatharin 

N*  +  NH3  UtNHj  +  1/2H2  (SO) 

Unique  ccadltlont,  reaction  nroductn 

If  heated  to  decomposition  It  yieldi  highly  toxic  turner  of  ammonia  and  (odium  oxide, 
leacta  with  water  ox  Scant  to  yield  heat  and  toxic  corrodve  fumei  (195). 

MafcWta 

d.  hot  and  cold  HjO,  hot  alcohol;  .  1  liquid  NH,  (79). 

Handling 

State  in  Mated  contained  which  prevent  contact  with  air  became  aodium  unite  la  hydrolysed 
by  aStnoaphertc  molaturei  gradual  oxidation  produce!  mixture*  that  detonate  on  heating  (133). 

Therm  odynawile  peaneitjeat 

heat  of  rolutlcru  -3106  (at  21*C)  (132) 

atandard  heat  of  formation!  -28.4  kcal/snol  (79) 

Military  and  ladurttial  uaon 

Aj  a  dehydrating  agent,  In  the  production  cf  tudlgo  and  hydrazine,  and  at  an  intermediate 
in  the  preparation  of  aodium  cyanide  (132). 

PlammablUtvt 

Flamer  with  (mail  amount  oi  watjr  (SO). 


r'urmulai  Synonym  ■ 

N^NHj)  Sodamlrie 

Character  Isticn 

Solid  -  white  (79) 

B.P.r 

400*C  (79) 


LEAD  DvllDE 

Mol.  Wt.t  Formula! 

222.21  PbNH 

Characterlrtlcn 
Solid  -  orange  rod  (131) 

&9&u}e 

freer  liquid  aramcnta  rofutiou  of  pottidme  amide  with  a  solution  of  lead  iodide,  rod  an 
orange  red  precipitate  of  PbNH  it  ilowly  fanned  (131). 
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Unique  condition!,  reaction  ggdiicf 
Explode*  with  heat  or  dilute  acid  (131). 

Solubility! 

d.  dilute  CHgCOQH,  dilute  potaih  lye(  ilow  d. 

Flammability! 

Explode*  with  HjO  (143). 


(d)  CAKBBXS 


Mol.  Wt.« 
161.36 


3.7S  (79) 


l— R*J M  CARBBE 


Formula* 

Characcarlrttcci 

Solid  -  SM*y  Crystal  (79) 


Synthesis: 

f“,°D  it^/lura  C*rb0“t«-  »*""**<«>  magnesium  and  retort  csrboe  result,  to  3D 
reaction  yWdlitg  barium  carbide.  (BaC03  +  3Mg  +  C  -4  3MgO  +Ba«^]  (131). 

Unique  condition,  reaction  products 
Evolve*  acetylene  vapor  la  contact  with  moisture  (195). 

Solubility! 

d.  cold  HzO  to  yield  CjHj,)  d.  acid  (195). 

Flammability* 

Bursts  Into  flames  on  contact  with  small  amounts  of  HjO  (50). 


Mol.  Wt. « 
64.10 

d  /sp.  qr.  I 

2.22  (103) 


CALCIUM  CARBIDE 

Formula* 

CaCz 

Characteristics* 

Solid  -  white  tetragonal  (103) 

B.P.t 

2300*C  (195) 


Toxicity* 

£»u*t  1*  an  eye  and  respiratory  irritant,  can  cause  sk  a  bums  (142). 
Synthesis* 

(1)  Beet  lime  and  carb<»  1**  aa  electric  furnace  (132) 

(2)  CaO  +  ,1C  CaC2  +  CO  'i 

(3)  CaCN2  -»  CaC2  +  2N2  +  Cn  i(tO) 

(4)  CaCN2  +  C  -»  CaCg  +  N2  ) 


(79) 

>  1.175 


Unique  conditions,  reaction  taoduct* 

Yield*  acetylene  and  hydrated  lime  <*  contact  with  mcdtiiew  (132). 

Solubility* 

d.  hot  and  cold  KjO  (10?). 
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Handling; 

Protect  against  physical  damage,  store  in  noucombustihle,  wall  ventilated  area  (wittun*  sprinkler 
protection)  exclude  other  poetible  sources  of  Ignition  (142). 

Military  and  industrial  jew 

Used  to  produce  acetylene  tor  lighting  purposes,  as  a  reducing  agent,  in  signal  lima  for  marine  service 
and  to  we  ld  and  cut  metals  (132). 

Flammabllltyi 

Produces  sufficient  heat  to  ignite  acetylene  formed  on  contact  with  water  or  moWcuro  (142). 


Mol-  Wt.i 
KC8  135.1 
KC  327. 1 


POTASSIUM  GRAPHITE 
Form  ul  at 

kc8 

»r 


Characteristics! 

KCg  Solid -dark  copper  red  to  bronse 
KCj,4  Solid-steel  blue  (79) 


Unique  conditions,  reaction  products! 

Sensitive  to  air,  moisture  and  alcohol  (195). 


Flammabllltyi 

Spontaneously  flammable  In  air  (80). 


Mol.  Wt.i 
64.13 


d./sp.  qr.i 
1.37  (79) 


POTASSIUM  CARBIDE 

Fitmulai 

KHCj 

Characteristics! 

Solid  -  colorless  rhombic 
crystals  (79) 


Unique  conditions,  reaction  products! 
Explosive  reaction  with  HjO  (143). 


SODIUM  CARBIDE 


Mol.  Wt.  i  Formula! 

70.00  Ne^ 


M.Pi  Characteristics! 

About  700*  C  (79)  Solid  -  white  powder  (79) 
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i«375*w  (75) 


StBfetUtt 

2Na  4-  ZCjHg  -r  2K*HC2  4  Hji  2NaHCj  -*  N^Cj  4  CjKj  (80) 

Uri^ai  a^Mw^  reaction  products 

Rr-cts  with  H|0  producing  Hj  so  violently  that  aa  txpiodce  can  occur  (232). 
Solubility! 

d.  cold  HgO,  hot  HjO,  alcohol)  t.  acid  (79) 


TITANIUM  CARMDE 

Mol.  Wt.r 
S9.91 

M-P.i 

3140'  *  WC  (79) 

4.93  (79) 

Synthesis! 

Kaat  titanic  oxide  (100  parts)  and  carbon  (70  parts)  in  aa  alacuic  arc  furnace  for  10 
minuter  [TiC^  +  2C  -♦  TIC  4  COjJ  (131). 

Solubility! 

1.  cold  and  hot  HjO;  a-  aqua  regia.  HNO^  (79) 

Military  and  industrial  uacn 

Additive  with  tungsten  carbide  la  making  cutting  tools  and  other  tools  (prut a)  subjected  to  thermal 
shock,  arc-malting  electrodes!  cermets  (190). 

Flammability! 

"As  micron -sired  titanium  carbide  was  being  removed  from  a  bell  mill,  a  cloud  of  the  dust 
Ignited."  (143). 


Formulas 

TiC 

Characteristics 

Solid  -  gray  cubic  metal  (79) 

B.P.i 

432 0*C  (79) 


URANSJM  monocarbide 

Mol.  Wt.  i  Formula! 

230.07  UC 

Mfi 

2.  315  4  65*C  (193) 


A-  In.  or.  i 
12.97  (193) 
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Syatheain 

UO->  4  C  )  UC  (heat  mixture  of  UG^  4  C  to  flowing)  (240). 


Unique  conditions,  reaction  products 
Reactive  with  water  (193). 

Thermodynamic  properties 

Thermal  conductivity!  .04  cel/sec/cm/’C  (at  100*  to  700* C  and  5  weight  %  C)  (193) 
Military  and  Industrial  man 

Until  aa  Oadooeble  duet  carried  In  a  gar  in  an  ADFR  (Armour  duet  flealneahle  reactor),  gas 
wax  helium,  graphite  wax  ueed  aa  a  moderator  and  the  ducta  and  Cham  be  ra  weaa  Used  with 
■lllcan  carbide  (112). 

Flammabllltyi 

Leu  than  40)1  very  pyrophoric  (240). 


UPvANUM  CARBIDE 


Mol.  WM 

Formulas 

263.05 

uca 

M.P.r 

Characteristic* 

23S0*-24Q0*C  (79) 

Solid  -  metallic  caystal  (79) 

d./'rp.  qr.i 

B.P.i 

11.28*®  (79) 

4370730  (79) 

Solubility! 

d.  cold  and  hot  H^O,  dilute 

inorganic  acldt;  I.  alcohol  (79) 

Flammability* 

Spoutaneoualy  flammable 

if  particle  aim  leas  than  40(1  (240). 

ZIRCONIUM  CARBIDE 

Mol.  Wt.r 

Formula: 

103.23 

ZrC 

M.P.r 

Characteristics 

3540*C  (190) 

Solid  -  gray  cubic  metal  (79) 

d./ao.  or.r 

B.P.i 

Hardness 

3.78  (190) 

Syntherin 

5lJ00*C  (190) 

.84  metes  (190) 

Heat  rirconlum  oxide  and  coke  in  an  electric  furnace  (190). 


Solahilltyi 


4  M  A  1 1/*«1  .  *  - 141.1 _ _ * 

ft«  l^l  ■  IV4|  •>  VJUWUUH  »V4M» 


Military  md  laduatrial  imn 

iKuduWBt  fllmtnt,  abrasive ,  high  temperature  electrical  conductor  (190). 


n^.nai«mtY« 

Flea  powder  epontineouely  flammable  (190) 


ZIRCON  CARBIDE  OR  ZIRCCfc  CARBON ITR IDE 


Syolbtsln 

Heat  Zircon  mineral  and  carbon  in  an  electric  arc  furnace  to  yield  Zircon  carbide  or  carbon itrldc  (M). 
Flammabllltyi 

"Air  muat  be  kept  away  bom  compound  ai  it  coolt,  or  it  may  go  up  In  a  spontaneous  display 

...»  (4d). 


44 


(e?>  CA1WOMYIS 


IRON  PENTA  CARBONYL 

Mol.  Wt.i 

Formula! 

195.90 

Fe(CO)5 

M.P.l 

Oiaracterirtlcai 

-21*C  (79) 

liquid  -  viscotu  yellow  (79) 

d./tp.  gr.i 

B.P.r 

1.45721  (79) 

102.8749  (79) 

Toxicitvi 

Cautci  JluiL.cM,  gauiti,  tad  vomiting  on  Inhalation,  followed  by  uncouacioumeat.  cw  Injure  liver, 
kidney*  and  brain  (1.95). 


SynthcaUr 

fe  +  5CO  Fe(CO)_  (80) 

Ignition  temperature! 

Hath  points  5*F  (195) 

Solubility! 

1.  cold  HjO;  i.  alcohol,  ether,  C^H^,  alkaline  aolventr,  concentrated  HjSO^  (79) 


Thermodynamic  roimtiew 

dipole  moment!  .64-. 81 

heal  of  formation  (at  18*C)i  -189.  G  keal/mol 

heat  of  fuiionl  3.25  kcal/mol. 

beat  of  vaporUationi  9.0  kcal/mol 


l(132) 


Military  and  indurtrial  meet 

lined  to  make  carbonyl  Iron,  formerly  at  antiknock  agent  in  motor  fuelt  (132). 


Flammability! 

Spontaneously  flammable}  undiluted  it  Igniter  at  low  at  44* C  (99) 

~  ,P 

Structure! 


s^C. 


\/ 

I 


(‘,32) 


POTASSIUM  CARBOrm 


M  .  V,’t.> 
402.68 


Formula 

(KCO)s 
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MJL.L  g.'4.WHlWtf 

Ksplftde*  (79)  /Owy-rcd  (W) 

fcU. 

d.  2 SOTC  (103) 

2tefiata 

Highly  toxic  (195) 

Solubility! 

Explode*  with  cold  HjOp  d.  alcohol  (79). 

P**»#*' 

tut  dry  purtiied  CO  Into  *  aoldtiou  d  pr**maua&aluxB  in  liquified  ammonia  at  -SO"C,  bltu.  color 
gradually  Bceetfiaa  weaker  and  changer  to  pink,  allow  ammonia  to  evaporate,  yield*  K(CO)g  (131). 

‘l 

OflB saMiB 

w"  Detonate*  with  air,  HjO  or  heat  (IOO*C)  (131). 


SODIUM  CARBONYL 

jjg-JB-j  *sm4si. 

79  WalCOJj 

gapfacterUtjc** 

Solid  -  white  powder, 
black -tint  (,431) 

Toxicity, 

Highly  toxic  (195). 

Mriay  .  *  y.*b"  Hs.*f 

Explodes  with  air  or  HjO  (143). 

fcue  pure  dry  CO  into  Mlurtan  of  todamraonium  in  liquified  Ammonia  at  about  -5Q*C,  blue  color  be - 
comet  lilac  timed,  evaporate  ammonia,  leaving  Na(CD)j  (131). 


NICKEL  CARBONYL 


My3.<  Wt.i  formula* 

170.75  Ni(CO)4 


MP.i 
-«‘C  (79) 


d./»P  q: 


CharactcrtWiciu 
Liquid  -  color laaj  volatile  or 
•oUd  -  quadle.  (79) 


9 


|  Toxici  tvi 

j  H*9h  on  inhalation  (local  and  ryUemic)j  (light  allergen!  high  ou  inhalation  (chronic  ryttemlc);  Toler¬ 

ance  level  ACG1H  .001  ppm  (.007  mg/m®)  (195). 

Synth  t  (in 

NiS04  +  Na2 SjO*  +  (x  +  2)NH3  +  Hj  -*  NISCL .  (NH.)  +  Nn_SO.  +  (MH  )  SO  |  NISO  .  (NH  )  +  H  O  + 
CO  -*  Ni(CO)4  ♦  (NH^SOj  +  (x  -  2)NH3  (80)  3*2 

Solubility, 

i.  aqua  regia,  alcohol,  ether,  CgH^,  HNOjj  i.  dilute  acid,  dilute  alkaline  (olvent  (79). 

Flammability 

In  the  pretence  o'  air,  Ni(CO)4  tonal  a  deposit  which  become*  peraxided,  thi*  tendi  to  decompose 
and  ignite  (143). 

DIVANADIUM  DODECA CARBONYL 

Mol.  Wt.  >  Form ul cl 

438.02  v2(CO)i2 

i 

Characte  rlrtlcn 

Dark  blue  solution,  giver  yellow 
to  orange  solution  in  toluene  (175) 

• 

Svntherin 

liolated  from  reaction  of  ditoluene  vanadium  and  carbon  monoxide  (175). 

Unique  condltlonr,  reaction  product* 

Volatile,  readily  lublimei  at  room  temperature  and  atmospheric  prawn  (175). 

Soiubilitvt 

l.  ether,  hydrocarbourt  d.  CSj  (175). 

Flammability* 

Spontaneously  flammable  (VS). 
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I 


I  ! 


Mol.  Wt.i 

1*1. 28 

M.P.l 

-S.S’C  (79) 


31 


r.x 

7»> 


(f)  HALIDES 


ARSENIC  TRICHLORIDE 


PomuUi 

a»ci3 

Charectgrlatlca 
Liquid  -  oily  (190) 

S3 752  (79) 


_14*F 

D> 

1.621  (75) 


Syathetln 

(1)  from  action  at  chlorine  on  areeialc;  (2)  diat'J  imalc  trioxide  with  coucenxisted  HC1  (190). 

Unique  condition*,  reaction  uroducto 
Fumci  In  molat  air  (190). 

Solubilltyi 

I.  HQ,  HBr,  PClj,  alcohol,  ether;  d.  hot  end  cold  H^O  (79). 


Tluurmodvnaialc  wcimtlen 

tbmdord  heat  of  fonnationl 
atandard  free  energy  of  foxuaattow 
entropy  (at  25"C)« 


Gat 

-71~5  keal/mol 
-6S.  S  kcal/mol 
78.2  *.«. 


-80.2  hsal/miol 
-70.  S  hcal/axol 
35. 5  e.u. 


) 


(79) 


Military  and  ladiitta-Ul  utet* 

Head  in  poiwca  gat  and  ceramic*  (190). 


BORON  ARSENGraamCWIDE 


Mol.  Wt.i 
328-47 


Formul  ai 

Bllr3A*H3 


Flnmmabilltyi 

With  air  or  oxygen  it  U  raeiily  oxidized  and  itt  mod:  cifw*  igatto*  ipontaJHWUdly  (143). 


Mol.  Wt.t 
290.54 

M.P.i 

-■wre  (79) 


BORON  TRJBJlOwlIDE 


Formula! 

a<»»)3 

CharactarliticM 

Liquid  -  cclnrleK  taxing 
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I 


i 

P 

t 

i./ip.  or. s 
1.6431*8,4  (79) 

B.  F 

91. : 

1 

{ 

Synthesis! 

| 

(1)  AlBtj  +  BFj  — * 

BSr3  +  A1F3 

(2)  X  +  1/2Bi2  •  > 

BBr2  ' 

f 

Unique  conditions. 

reaction  product* 

(80) 


Explodes  with  HjO  (UB). 
Solubility! 

d.  cold  HjOt  s.  alcohol,  CCl^  (79) 

Them?,  (dynamic  proportion 

standard  heat  of  formation! 
standard  free  energy  of  formation! 
entropy  (at  25*C)t 


Solid 

-44.  6  keal/mol 
-51.0  keal/mol 
77.49  a.u. 


16.  J  (79) 


liquid 

-52  ■  8  keal/mol 
-52.4  kctl/inol  (  (79) 
54.7  o.u.  \ 


TETRACHLOROOOGRANE 


P 

f 

j. 

! 

Mol,  Wt.i 

Forypclai 

* 

r 

163.47 

■ 

u 

% 

i*' 

t 

; 

M.P.i 

Characteristic* 

BP.! 

? 

-91*C  (226) 

Liquid  colorlim  (226) 

65. 5*C  (226) 

i 

i  ' 

4; 

V 

f. 

SoU-hUitM 

V 

> 

I 

y 

d.  H20  (226) 

V  • 

* 

f 

V 

Synthesis! 

s 

s 

i\ 

Made  by  passing  BClj  through 

a  discharge  between  mercury  electrode?  (230)- 

■ 

$ 

'flijiwodynimic  .ceopeities! 

' 

.  i 

> 

■): 

heat  of  fualoM  <;579  ±  4  col/mol  *1 

4 

beut  of  vapjeiiation  (at  220*Xk 

8670  ±  70  cul/moi  ',(155) 

if 

entropy  (el  1  atmosphere  and  22C*K)J  80.27  e.u.  ) 

Flammability! 

Spontaneously  flan.mable  (226)j  May  be  dun  to  cruKnce  of  (BCl)  e-ten  though  carefully  ptf.Uled 
(230). 


MOMOCHLCROD  IdORAWE 


1 


Mol.  Wl.  i 
62.  14 

M.P.l 

-112*0  (226) 


Formula! 

KjJJSHjCl 

Chirac  ter  lade* 

Cos  -  c>.  orleu  (226) 

4* 


B.P.l 

0*C  (226) 


L 


Solubility! 

i.  organic  aolventtl  4.  H,0,  air  (226). 
Flammability! 

ajxafiujeo'aly  flammable  (226). 


Mo>.J*t.; 

185.12 


M.P.i 

d,  75'C  (225} 


BORON  CHLORIDE  TETRAMER 

Formula! 

VCl)4 

Chatacte  flatten 

Solid  -  yellow  cryatala  (225) 


(226) 


Flammabllltyi 

Spontaneously  flammable  (226). 


Mol.  Wt.i 
304.00 

M.P.! 

Subllmei  at  5S0*C  (195) 

Toxldtyi 

Highly  toxic  and  irritating  to  mucoui  membrane*,  ddn,  eye*,  and  respiratory  tract  (195). 
Syntfaerin 

BiFj  +  F2  -*  B1FS  (80) 

Unique  condition*,  reaction  woductn 

React;  violently  with  water  and  petrolatum  (195). 

Flammability! 

Reacti  with  HgO  (ometimei  with  Ignition  (80). 


BISMUTH  PEHTAFUJORIDE 
Farmulai 

B1PS 

Characteristic*! 

Solid  -  V'hite  cryital  (195) 


Mol.  Wt.i 
174.90 


M.P.i 

-61.  rc.  (79) 


d./sy.  qr.  I 
2.57°  (79) 


BROMINE  PENT  AFLUO  RIDE 

Foma  ul  ai 

»5 

Characterladcn  V.P.i 

liquid  -  colcrleai  (79)  7  pala  (at  70”?)  (190) 


B.P.i 

40.  S*C  (79) 
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v.j.i 

6.05  (195) 


Toxlcltyi 

High  (acute,  local)  aa  Irritant,  on  insertion  and  on  Inhalation;  high  (chronic,  local)  at  irritant,  on 
ingestion  ana  on  inns  i  scion  (193). 

Synthetics 

Nearly  explosive  reaction  with  H^O;  fumes  strongly  in  air  (80). 

Solubility; 

d.  hot  and  cold  H^O  (79) 

Military  and  lavlujtrial  uie« 

Oxidizer  in  liquid  rocket  propellants  (190). 


CALC1JM  HYPOCHIXMUTE 
(With  >  3»4  available  chlorine) 

Mol.  Wt.r  Formulas 

91.53  CaOCl 

Unique  condition.,  reaction  godjjda 

Decomposer  in  HjO;  with  heat  or  run  may  decompose,  spontaneous!'/  rapturing  conrsdiBif,.  vapors 
evolved  may  Ignite  apontaneouily  in  air  (54). 


CHLOKJW  mm.UOR.K7E 


Moi.  Wt.s 

Formulas 

92.45 

CIFj 

hT  Pi 

Characteristics; 

V.d.i 

-83*0  (79) 

Car  -  colorless,  meet  odor  (79) 

3.14  (79) 

F.P-  -105’C  (150) 

8-P.s 

Viscosity  (link 

au. 

1.7713  (79) 

11.  3*C  (79) 

.4M  cp(at  67*T) 

Toxicltyi 

Emit!  highly  toxic  fumes  with  HjO,  -CO OH,  or  acid  fusses  (195);  stroogiy  attacks  btouchl  (80); 
MAC  (Maximum  acceptable  concentration)  ,1  ppm  (1). 

Svnthetin 

Ci2  +  3F2  gJO-ZaO'C  t  2C1Fj  (gQ) 

Unique  conditions,  reaction  products! 

Ignites  on  contact  with  many  teg  ante  compounds,  reacts  violently  with  ox.<dA«tUe  materials  (*95); 
reacts  violently  with  H20  (62). 

Solubility* 

d.  cold  and  hot  li^O  <*> 
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Hiwlllmjl 

Krppi  free  from  excessive  heat  mJ  moisture  In  stainless  steel  tank*  or  calcium  alloys,  petition  tanks 
that  they  cannot  bo  easily  tipped  over  or  rolled  (30), 

Thermodynamic  properties! 
heat  of  fusion  (at  freezing  point)!  35.  45  Btu/lb 
heat  of  vaporiiation  (at  freezing  point))  128-  3  Btu/lb 
heat  capacity  (at  68*F)  (gas)i  .  169  Btu/lb 
heat  capacity  (llq)i  .  30  }  Btu/lb 
critical  temperature)  345. 2*F 
critical  pressure)  837. 7  pile 

Military  and  Industrial  uses) 

Used  as  incendiary  material  by  the  military  in  World  War  JQ,  used  mote  recently  as  a  Quorlnating 
agent  and  as  an  oxidizer  In  rocket  engines  (62). 

Flam  inability) 

Spontaneously  flammable  gas  (195). 


CHROMYL  CHLORIDE 


Mol.  Wt-» 

154.90 

M.P.) 

-96. 5*C  (79) 

d./sp.  gr.) 

1.911  (79) 

Sim  the  slit 

(1)  KjCK^  +  2NaCl  +  2H  SO  ~t  CsOjC^  +  Na  SO  +  i:2S04  +2H_  "> 

(2)  KjCrjdy  +  4NaQ  +  -»  2CrOja2  +  iQSO}  +  2Na2S04  +  3HjO  ((80) 

(3)  Cr03+2HCl  -y  CrOjClz+HjO  ( 

Unique  conditions,  reaction  products) 

Forms  a  smoke  with  atmospheric  moisture  (80). 

Solubility) 

d.  hot  and  cold  H20,  alcoholj  s.  ether,  CHjCOOH  (79) 

Thetmodyaamlc  properties) 

standard  heat  ot  formation  (at  25*C)  (li<Qt  -135. 7  keal/mol  (79) 


UTHUM  HYPOCHLORITE 
(With  >  39K  available  chlorine) 

Mol.  Wt.i  Formulas 

58.39  UOQ 


Formula) 

Cr02Cl2 

Characteristic)) 

Liquid  -dark  red  (79) 

B.P.) 

lire  (79) 


Synonyms) 

Chromium  oxychloride 
V.F.i 

2020  (US) 
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Chg  .gcteiiaUcfl 

WIH  - 

Unique  ‘  ondl'loiu,  rencUow  product* 

Decompmsi  in  HjOj  with  heat  or  run  may  decompaM  ipootaneoualy  rupturing  containers,  the  vapor* 
evolved  may  Ignite  ipontaaeouaiy  In  air  (54). 
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Thermodynamic  [gopertlga 

standard  heat  of  formation!  -73.22  kcal/mol  N 

free  energy  of  form  a*  ton  (at  2S*C)»  -88.  42  kcal/mol  ,(79) 
standard  entropy!  74.  49  e.  u.  ^ 

Military  end  Industrial  men 

PCI  3  li  uacd  at  a  chlorinating  agent  In  the  manufacture  of  lynthetlc  organic  chemicals,  specifically 
to  replace  hydroxyl  group#  by  chlorine  (214). 


Flammability! 

Contact  with  H2O  may  cause  fire  (190). 


PHOSPHORUS  PENTA  CHLORIDE 


Mol.  Wt.i 

Formula! 

Synonyms! 

208.24 

pas 

Phosphorus  perch loride 
Phosphorus  chloride 

M.P.i 

Char  sc  ter  liticn 

c.  1M.8*C(79) 

Solid  yellow  white 

Y-Pl 

tetragonal  (79) 

jSS.5  (195) 

d./tp.  qr*l 

46S2*®  (79) 

B.P.! 

sublimes  162*C  (79) 

Synthesis! 

Pass  stream  of  chlorine  gas  over  melted  phosphorus,  heated  red  phosphorus,  or  through  a  CS2  solution 
of  yellow  phosphorus  (excess  treatment  with  chlorine)  (214). 


Unique  conditions,  reaction  products! 

Moisture  haurdoui,  decern poees  with  H2O  to  yield  heat  (27). 


Solubility! 

d.  cold  H2Oj  s.  CS2  or  CCI4  (79) 


Thermodynamic  Eropettien 

standard  heat  of  forma tloni 
free  energy  of  formation  (at  25*C)s 
standard  entropy! 


SttL 

-95.  35  kcsl/mol 
-V7.59  kcal/mol 
84.3  e.u. 


(79) 


MUlta.  y  and  lndnOlal  use* 

Catalyst  In  manufacture  of  acetyl  cellulose,  for  replacing  hydroxyl -groups  by  chlorine,  particularly  for 
converting  acids  Into  add  chlorides  (214). 


PHOSPHORUS  OXYCHLORIDE 


Mol.  Wt.  1  Formula! 

153.33  POCij 
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Unique  coadjUgnj,  reaction  ggdugtg 

With  mofature  in  air  yield*  am  oka  |  decosi) poeci  with  mditure  forming  HjSOq  and  HC1  (171). 
Solubility! 

d.  hot  rad  cold  H2Oj  1.  C$H*,  CH3COOH  (79) 

Thermodynamic  peopeitlew 

standard  heat  of  fosmatlos  (liq)t  -49.  2  kcal/mo!  (79) 

Military  and  Industrial  men 

Sin  oka  producer  in  World  War  Hi  alto  ueed  with  certain  toxic  gun  to  render  them  vialble  (171). 


TITRABROMOSILANE 


Mol.  Wt.i 
347.72 

M.P.i 
5.4*C  (79) 

d./»p.  qr.i 
(dq)  2.7715JS  (79) 

(Ml)  3.292  -/9  (79) 

Svnthaalrt 

Si  +  2Bt2  -a  SIBrq  (90) 

Unique  condition*.  reaction  product*! 

Reacti  with  HjO  to  yield  haat  and  fume*  (19S). 

Solubility! 

d.  hot  and  cold  HjO,  H2S04  (79) 

Themaodynamlc  trope rtlae 

rtandard  heat  0 i  formation  (liq)i  -95. 1  keel /mol  (79) 


SILICON  CHLORIDE 


Formula! 

SiBr4 


Charactarlitlcil 
Solid  -  cubic 
Liquid  -  fuming 


(75) 


B.P.i 

154’C  (79) 


(195) 


Mol.  Wt.i 

109.90 


M.F.t 
-70*C  (79) 


Formula! 

sici4 

Charmcterirtlcn 
Liquid  -  calorie**  fuming  (79) 


d./*g.  or.  1  B 

(Uq)  1.49320  (79)  57.57*C  (79) 

(Ml)  1.90-97  (79) 

(ga«)>.S9  (79) 


5tf 


Toxtcttirt 

on  inyertior.,  and  re,  inhalation  „95), 

Synthesis! 

Si  +  2Ci2  -*  Si  Cl 4  (132) 

^.flue  coiicjitioni,  reaction 

^“vlly  upon  cxpojuie  to  air  (80). 

Solubility! 

d.  he*  and  cold  HjO,  alcohol  (79) 

Sgngodynamjc  rtw-ertlen 

standard  heat  of  formation! 
standard  free  energy  of  formation! 
itandaid  entropyi 

Military  and  industrial  meg 
Used  as  Jmolce  screens  In  warfare 


sat 

-14S.  7  kcal/mol 
■136.  2  ItCal/mol 
79.2  e.u. 


liquid 

-153.0  kcal/mol  ^ 
-136.9  ItcaJ/mol 
37.2  e.u. 


and  in  the  preparation  of  pure  dlicon  (132). 


nUBROMOSELANE 


Mol.  Wt.i 

Formula! 

268.9 

SiHBrj 

M.P.i 

CharacterliairH 

-73.5’C  (195) 

Liquid  -  mobile, 

gr.» 

2- 7"  (195) 

inflammable  (195) 

B.P.i 

H2"C  (195) 

Toxicltvi 

Readily  hydrolyi 

el  to  liberate  HBr,  a  powerful  irritant 

Syntheabn 

Si  +  3HBr  _*  SiHBr3  +  H2  (80) 


Solubility! 

d.  hot  and  cold  HzO,  NH3  (79) 
Flammability! 

Spontaneously  flammable  la  air  (195). 


Syuouvniss 
Sil  (cob  ram  of  asm 


Pinole  moment. 
•  79  (132) 


« -ifi  (195) 


Mol.  Wt.i 
135.45 


TRICHUiROSILANl 


Fcnm-lai 

SiHCl3 


Synooymw 

SUlcociaorofcem 


57 


(79) 


M.P.i 

-126.  S*C  (79) 
-134!C  (195) 


d./sp.  <jf.» 

1.34  (79) 


C.huvactcrlstlca 
Liquid  -  colorless  (79) 


B.P.l 

33758  (79) 


•s 

1.  4020 


(132* 


25 

UD, 

1.3983 


(132) 


Dipole  moment! 

797  (132) 

Vitccaityi 

.  397  cp  (at  0‘C)  (132) 

V.d.i 
4.7  (195) 


Toxlcityi 

Moderate  (acute  local)  ai  irritant  on  inhalation)  moderate  (scuts  systemic)  on  lngeitian,  Inhala¬ 
tion  (195) 


Synthesis! 

SI  +  3HC1  -9  Sill  Cl  3  +  H2  (80) 

Unique  coagidons.  reaction  gedjgta 
Violent  reaction  with  water  (27). 


Innttlon  ter-  — ’ 

flashpoint!  <20*F  (195) 

Solubility! 

<1.  hot  and  cold  1120)  i.  CS2,  CCI4,  chloroform,  CgHg  (79) 
Flammability! 

Spontaneously  flammable  In  air  (195). 


BRCMO  SILANE 


Mol.  Wt.i 

FocnnUai 

111.02 

SiH3Br 

M.P.t 

Characteristics! 

-94* C  (79) 

Gas  -  colorless 

d./sp.  ar.i 

1.72-80 

iZe  m 

B.P.i 

1.9*C  (79) 

3 

« 

H 

i 

E 

Explodes  In  air  (79) 
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)  I 


1 


SILICON  HEXACHLOR  IDE 


Mol.  Wt.l 

Formula! 

SynonvTQB 

268.89 

S12C16 

Hexachlorodiiilane 

M.P.l 

Character  litlca 

V.d.i 

-t*C  (79) 

Liquid  -  colorleu  (79) 

9.29  (195) 

d.y»n.  or.! 

B.P.i 

-AL*  (79) 

1.4748  1  1 

1.5ii°  (79) 

14S76a  (79) 

Synthesis! 

Pan  vapor  of  tllicon  tetrachloride  over  white-hot  illlcon  (contained  In  a  porcelain  tube),  by  cooling 
the  product!  rapidly  Si2Cl£  ii  te parable  by  fractional  dutUlaticn  (131). 

Solubllityi 

d.  hot  and  cold  H2O,  alcohol  (79) 

Flammability! 

Spontaneously  flammable  liquid;  vapor*  ignite  (pontaneouily  in  air  (27). 


DISILYAMINO  DIOILOROBOSUNS 

Mol.  Wt.i  Formula! 

157.93  (SiHjfeNBCLj 


M-P.i  Character  l»tlcii 

d.  C2*C  (226)  SoUd  (226) 

Flammability! 

Spontaneoualy  flammable  (226). 


V.P.i 

2522  (226) 


ANTIMONY  PENTA  CHLORIDE 


Mol.  Wt-r 

Formula! 

299.02 

SbCl5 

M.P.l 

Charactetlndcai 

V.P.! 

2.8*C  (79) 

Liquid  -  white  (79) 

Solid  -  moaocllnlc  (79) 

122.7  (t95) 

d./ip.  qr.i 

»“ 

2.33 «§&  (79) 

B.P.i 

D* 

T922  (79) 

.601(79) 

Syntheiin 

Pan  chlorine  into  ruoltan  SbCl 

3  (»“)■ 

Unique  condition!,  reaction  product* 

Gives  white  smoke  with  atmospheric  moisture  (167). 

'N 
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Vnl..MIJ« - 


(i.  hot  and  told  11^0;  HQ,  tartaric  acid,  methyl  dicldoride  (79) 


.rhjinnodynuin i»  i'iojn* itiesj 

vtamlard  heat  of  formation; 


JKS.  liquid 

-91-  9  kcal/mol  104.  8  kcal/mol  (79) 


TIN  TETRACHI.ORIDE 


Mol.  Wt. 
260. SO 


Formula! 

SnCl4 


— ~~  Characteristics! 

33  C  (79)  Mquld  -  colorless  or 

solid  -  cubic  (79) 

d./sp.  ur.i 

2- 28  (79)  ^P., 

1  H"C  (79) 

iyntheilii 

Formed  by  direct  chlorination  o(  metallic  On  (172). 


>i 

_Ds 

1.512 


(79) 


Unique  conditions,  reaction  rroductu 

Produce,  smoke  with  moisture  lSstCl4  +  411^0  -*  Sn(OH)4  +  4HC1J  (19). 
Solubility! 

*•  cold  HjOi  ethers  d.  hot  HjO  (79) 


Themiadynamlc  pronerticn 

standard  heat  of  formations 
standard  free  energy  of  formations 
ttaadatd  entropy  : 


Liquid 

-179.  3  kcal/mol 
-161.2  kcal/mol 
OO.-i  e.u. 


J 


( 79 ) 


Mol.  Wt .s 
2 07. 72 

M.P.i 

d.  >  500*C  (79) 

d./sp.  qt.| 

4-31  (79) 


TITANIUM  D1BROM1DE 


Formulas 

TlBr2 

Characte-rlstica 
Solid  -  black  powder  (79) 


Solubility! 

s.  cold  HjO  witli  evolution  of  H2  (79) 


I 

I 


1 


l 
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'fha mi Mytiaiafai  IJggfilSS 

fUndacd  heat  r£  Ur inuifUm  a1^  Wr.*! /-.«i  /  <«> 

-  •  -t  --  ^  *•  f 

I'iaiilnuMIltyi 

S|iMUi»niw^  flammtbl-  (240)1  {quite*  iu  mu)it  air  (30) 


i  ITANIUM  DICHLORtt>E 


Moj.  Wt.  i 
lit. 81  (TV) 


famujiii 

T1C1, 


S/uouymu 

Tltiisiusi 


Sublime*  Hj  (79) 

iZ*EuilL-J 

3.13  {79) 


Ghanctariitica 

Solid  -  llqlit  brovraiah 
black,  hexagonal, 
dtllqiwKtnt  (79) 

J.  47  ■  (ju  Wiu  uiuu)  |VV) 


Syetherin 

TIC14  +  T1  -+  7Tia2  (80) 

Solabllltyi 

d.  cold  HjOj  i.  alcohol  |  1.  other,  chloroform  CSj,  (/B) 


atandaid  heat  of  fonnatloai 


cryaUJJUoe 

-114  kcaJ/uol  (79) 


Flanunabllltvi 

lyaltei  In  mol*  ait  (80)j  hhni  like  a  red-hot  Iron  in  HjO  and  dlteolrai  with  evolution  of  Hj  ( 131). 


TITANIUM  RUQHXORJD8 
(Anhydtotu) 


Mol.  Wt.t 
154.26  (79) 


Fonnulai 

TiCl, 


M.  P.i 

d.  440*C  (79) 

d./tp.  qr.l 

2.64  (79) 


Characteriatlcw 
Solid  -  dark  violet 
dellqiMKect  (79) 

B  P.I 

600  W8  (79) 


Syutflarin 

(1)  2TlC14+H2-f  2TiCl3+2HCi 

(2)  3T1Q4  +  T1  -*4Tia3 

(3)  3T1Q4  +  Sb  -*  3TlClj  +  SbCl3 

(4)  Reduce  TICiq  with  Hz  in  an  electric  ate 


SSlilliKBM  Mlilll  1*  I  id  I'Ssass  «  1 . 


Solubilltyi 

cold  11,0,  hot  h^O)  v.  i.  alcohol)  1.  HClf  1.  ether  (79) 


TT  'r.flody,t»rolc  rropertlrt; 
rtandjrd  heat  of  foiviationl 


crvttalllna 

-165  kcal/mol  (79) 


Military  and  lndmtrlal  uum 

UMd  as  reducing  agent)  ia  organic  rynth*  lit,  ai  co-catalyrt  for  polyolefin  polymerization)  in  organo- 
metallic  ryntheai*  involving  titanium  (190). 


F latum  ability! 

Spoatanuouily  flammable  in  air  (124). 


TITANIUM  TETRACHLORIDE 


Mol.  Wt.i 

Fotmulai 

Synonym  it 

189.71 

TiCi4 

Titanic  chloride 

M.P.t 

Character  Ittlcs 

V.F.r 

-2S*C  (79) 

Liquid  -  light  yellow  (79) 

1021-3  (US) 

d-/«P-  9g«  r 

hLs. 

n».5 

(U<i)  1.726 

136. 4*C  (79) 

Dl 

(tol)2.06r79  (  79) 

1.61  (79) 

Toxldtyt 

High  (acute  local)  a a  irritant,  on  inhalation)  high  (chronic  local)  on  Inhalation)  can  came  aerate  bum*, 
do  not  waih  with  H2O  (levere  burn*  due  to  formation  c t  HQ)  (195). 

Synthetic 

TiOj  +  2C  +  2C12  -4  TiQ4  +  2 CO  (80) 

Unique  condition!,  reaction  products 

Producer  white  fumsr  in  mafjt  air)  li  be  rater  heat  and  HC1  on  contact  wich  moitture  (195))  readily 
form  1  adductr  with  HN3,  pyridine  and  non  matai  chloride*  (89). 

Solubility! 

1.  cold  H20)  d.  hot  H2Oj  t.  dilute  HQ,  alcohol  (79) 
propertieu 

■tandard  heat  of  formation*  733.2  *  2.9  kg/iaol(-182.4  a  .7  kcal/mol)  (101) 
triple  point  temperature  1  249.045  l  .010*K  (141) 

Military  and  lndurtrlal  urea 

Chemical  warfare  rymbol  ia  FM,  called  by  Garment  "F-rtoff,  produce*  make  in  air,  in  combination 
with  NH3  vapor  giver  a  dearer  snake  (19,  20). 
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TITANIUM  D  HOD  IDE 


Mol.  Wt.t 
301.71 

M.Pi 
600*C  (79) 


Characteristics! 

Solid  -  black  hygroscopic  (79) 


4.99  (79) 


B-P.t 

1000'C  (79) 


Synthesis! 

Reduce  Tll^  to  Tilj  by  diver  or  mercuiy.  Arrange  two  porcelain  boa's  In  a  porcelain  tube  (the  anterior 
one  containing  Hg  and  the  poiterlor  one  Tll^),  ralae  the  temperature  to  dull  rcdnaai  while  a  current  of 
hydrogen  la  paaaed  through  the  tube.  A  sublimate  of  mercuric  iodide  and  unchanged  Tlla  Is  farmed  in  the 
cool  receiver  and  TU2  is  formed  near  the  exit  of  the  tube  (131). 

Solubility! 

d.  cold  H2Q,  alkaline  solvents;  t  concentrated  HF,  concentrated  HQ  (79) 


standard  heat  of  forma tionJ 

Flammability! 

Ignltei  in  molat  air  (80). 


crystalline 

-61  kcal/mol  (79) 


VANADYL  CHLORIDE 


Mol.  Wt.t 
173.  30 

M.Pi 

- 71 7  ±  2*C  (79) 


Formulas 

voa3 

Characteristlcsi 
Liquid  -  yellow  (79) 


Synonym  n 

Vanadlmn  oxytrlchlorlde 


d./sp.  gr.i 
1.82*  (79) 


3-P.l 

126.  TO  (79) 


Synthesis! 

(1)  V2Og  +  3SOCl2  ?VCX:i3  +  3S02  130) 

(2)  V203  +  3U2  -k  2VOQ3+  l/202  (80) 


Unique  conditions,  reaction  trpductst 

Forms  orange  make  with  atmospheric  moisture)  smoke  density  is  Increased  by  addition  of  TlCl^j 
reacts  with  H2SOq  to  yield  VOCI3.  SO3  which  with  moisture  yields  danse  white  smoke  (167  168). 

Solubility! 

s.  d.  cold  H2Oj  1.  alcohol,  ether,  acetic  acid,  Br2  (79, 
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■  ■'  -1  -1  ijsWsiVs  \i*iee  ^  laWManm^-  ■»**■*  .«*■ 


I  harm  adynamic  pcopemea 


crvftaillne 
-172  kcal/mol  (79) 


standard  heat  of  formatlool 


ZIRCONIUM  D BROMIDE 


SVPOEVTOB 
Dibromo  ilrclne 

Mi:  Charactertelca 

d.  350'C  (22S)  Solid  -  Vlack  powder  (22S) 


Mol-  Wt.i  FotmuUu 

251.  OS  Zi(Br)2 


Toxlcltyi 

Dangeroui  upon  decompoaltlon,  toxic  fumei  of  bromide  ere  emitted  (195). 

Unique  condition!,  reaction  productn 

Vlgorouj  te  action  with  oxidizing  material!  (195). 


Solubility! 
d.  cold  HjO  (226) 

Therm  odvnamlc  mopertlea 

ftandaid  heat  of  fomatlou 

Flammability! 

Spoptaaeoualy  flammable  (226). 


crvatalUae 

-120  kcal/mol  (79) 


(g)  HYDRJPKS 


ALUMINUM  BORQHYDRJDE 


Mol.  Wt.i 
71.54 

M.P.i 

71.54 


d./»p.  qr.i 

.5610,  .53310,  .54420, 
.  53729- 4  (226) 


Formula! 

A1(BH4)3 


Character  Utica 
Liquid  -  colocle**  (276) 

B.P.l 

44.5‘C  (226) 


SynOpyrnM 
Alumlntan  tri* 
(teirahydroborane) 

XdLi 

Log  P«  7.808-1365/Ti 

1200,  25717  (226) 


Synthetla 

(1)  (CH3)3A1  +  2B2K6  -»  <C113)3B  +  A1(BH4)3  (70) 

(2)  2A1H3  +  3B2Hfi  -4  2A1(BH4)3  (70) 

(3)  LLAIH4  4  2B2H6  ->  LiBH*  +  A1(BH*)3  (70) 

Unique  condition*.  re  action  modur.tii 

Form*  addition  compound*  readily  with  amine*  (226). 

Solubility! 

d.  H2O  (eitplodei)i  a.  organic  aolvent  (226). 

The  mi  odvnamlc  trcipertlca 

heat  of  vaporization!  7160  cal /mol  (226) 

heat  of  combuation!  13760  cal/g  (226) 


Flammability! 

Vapor  detonate*  apontaneoualy  and  violently  an  contact  with  air  containing  moiOum  (196). 


Structure! 


A1  -  B  =  2.  ISA 
A1  -  H'  =  2.  lA 
B  -H/«  1.28A 
B  -  H  »  1.21A 


ALUMINUM  HYDRDE 


Mol.  Wt.i 

120.0 


Formula! 

(AlHj)* 


M.P.i  Characterise*! 

d.  100*C  (226)  Solid  -  gray  white  (226) 


>(174) 


J 


Synthetic 

{1}  3IJA1H4  +  AiQ3 -*  4(A1H3)  +  3L1C1  (117) 

(2)  3UH+AlCl3Stil£4  AlHj  +  3LiCl  (117) 

Solubility 

d.  HjO,  alcohol,  alrj  i.  ether  (226) 

Thennodvnntnlc  properties 

W  of  foimatlon  (at  298*K)  (ga.>  IS  *  10  kcal/mol  ^ 

•”**W  (at  298*K)i  47. 7  a.  u.  L  (119) 

tree  energy  of  formation  (at  298*K)i  20. 9  kcal/mol  \ 

Flammability! 

Spontaneoudy  flammable  In  air  or  (118). 


TRISA. YL  ARSINE 


Mol.  Wt.i 

Formula! 

168.25 

AKSIHjJj 

B.P.t 

Characteristic* 

d.  25"C  (226) 

Liquid  (226) 

Solubility! 
d.  HjO  (226) 

Plammabllitvi 

Spmitaneoudy  flammable  (226). 


VP» 

1.7°  (226) 


TRUJROMO  BORWE  ARSINE 


Mol.  Wt.i 
328.54 


Formula! 

BBr^AiHj 


MP.t 

7*C  (226) 


Cheracterlitlcn 
Uquid  (226) 


PSammablUtyi 

Spontaneoudy  flammable  (226). 


B.P.t 

d.  40*C  (226) 


Mol.  Wt.i 

284.59 


DBROMO  BOR1NE  PHOSPHINE 

Formula! 

BBr3pH3 


SssaiMUs? 

Spontaneoudy  flammable  (226). 


Character  1*1  cn 

Solid  -  white  amorpfcoui  (226) 
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UIVUKAdt 


Mol.  Wt.i 
26. 67 

MP.| 

-165. S*C  (226) 

d./rp.  qr.i 

(lig)  .447-112  (195) 

(ioI)  .S77-181(195) 

SttMStim  n 


Pctmulai 

B2H« 


Gas  -  coloileu 
ilckly  sweet  odor  (195) 

B.P.l 

-92.5  (226) 


Boras  hydride 
Boroethom 

V.P.l 

224*112  (t95) 

V^« 

.96  (142) 


B  -H  =  1.87  ±  .OloA 

B-  Hb  =  1.334  ±  .027* 

B  -  B  »  1.77  *  .OllA  (124) 

H  ii  the  terminal  H  atom 
Hb  ii  the  bridge  H  atom 

Toxicity! 

High  au  Irritant)  It  a  lung  Irritant  and  can  catua  pulmonary  edamai  ACGIH  accepted  tolerance  lavcli 
1  ppm  (1  mg/m  3)  of  air  (195). 

SyntHe  «ln 

(1)  6UH  +  8BF3. 0(C2HS)2  — s  BjH  g  +  6UBF4  +  B^H^O  (60) 

(2)  3UBH4  +  4BP3. 0(C2Hs)2  ->  2B2Hb  +  3UBF4  +  d^jHsfcO  (80) 

(3)  6NaH  +  2BC13  +  6AICI3  bcntcns,  BjHg  +  6NaAlCl4  (16) 

(4)  heat  2gi  at  a  pearl  draped  mixture  o t  boron  and  sodium  mate  borate  in  die  molecular  ratio 

3  1  1  with  a  hydrogen  itrasm  flowing  through  the  reaction  container  at  the  rata  of  2  1/m  In  at 
atmospheric  pKnure  end  1000* C  (2) 

(5)  HCHO  4  2BBr3  f  BjHg  +HBr  +  CO  +  tide  product*  (21) 

Cu 

Unique  condition!,  reaction 


When  heated  to  decam  position  emits  dangerous  boron  oxide  lumas,  yields  hydrogen  when  in  contact 
with  water  or  steam  (195).  Diborane  may  be  spontaneously  flammable  due  to  the  praeence  of  penta- 
boraae  as  a  decomposition  product  (236).  It  reacts  spontaneously  with  chlorine  end  forms  spontaneously 
flammable  hydride ■  with  aluminum  and  lithium  (143). 

~  nltion  temperature! 


Autoignition  temperature)  100  -  125*F  (142) 
flammability  Umitn  .9  •  98*  (142) 

Solubility! 

il.  1.  cold  HzO  (d.  to  K3B03  and  H2);  1 NH4OH,  concentrated  H jS04  (80) 
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Handling 

Protect  txm  rhy*t',«l  dan,  age.  keep  refrigerated  (under  68*F),  keepwell  ventilated,  container*  ihould 
be  dean,  dry  and  free  of  oxygen,  atcre  away  Irotn  halogen!  and  oxidizing  agent*,  protect  from  ipatlu, 
open  tiamea  and  other  heat  *ource*  (142). 

Thermodynamic  properties! 

dipole  momenta  0  debyc  (179) 

heat  of  combustion!  481.9  keal/mol  (221) 

heat  capacity  (at  2S*C)i  13. 1C  cai/'moi  (22  i) 

heat  of  vaporization]  3.685  cul/mol  (179) 

heat  of  formation!  -44  l  3  kcal/niol  (179) 

critical  temperature!  16.71.02*0  (179) 

critical  preaaurei  581  1  S  pda  (179) 

entropy  (at  25*C)a  55. 34  cal/*mol  (221) 

free  unergy  of  formation  (at  25*C)l  19. 78  lxie  /mol  (221) 

Military  and  induetrlal  uscj* 

Uaed  in  organic  ayntheaii  for  hydrating  double  borda  and  obtaining  ciz  addition  (132))  uaed  aa  fuel  in  air 
breathing  anginal  end  rocket*,  aa  a  reducing  agent  and  in  the  auntheda  of  r  ganic  boron  compound*  (190). 

Flammability! 

Spontaneously  flammable  in  mold  air  at  room  tm-iperatuxe  (142). 


D1SD.YAM1NO  DDORAME 


Mol.  Wt.i 
102.92 

M.P.l 

-68.  rc  (226) 

Solubility! 

(.  organic  solvent;  d.  HjO  (226) 

Thermodynamic  uropertien 

heat  ol  vaporization  (at  54*C)l  7640  cal/moi  (226) 
FlammabUltvt 

Spontaneously  flammable  (226). 


Formula 

B2H5N(S1H3)2 

8.P.I 

S4*C  (228) 


Chamcterlatlc*! 

Liquid  -  straw  (226). 

V.P.i 

7.974-1669/Tl  162°  (226) 


TITRABORANE 


Mol.  Wt.i 
53.56 


M.P.l 

-120*C  (226) 


Formula! 

B4H10 

Charactanatlcn 
Gas  -  coloci  an  (226) 


Synonyms! 

dihydrotetraborane 

boroootano 

tatraberon  decahydrida 
boron  hydride 


d./tp.  or.  i  B.P.i 

.56-15  (226)  16*C  (226) 


V.P.a 

5806,  3880  (79) 


Toxicityt 

High  (acute  local)  on  Inhalation  (195}|  high  (acute  rytUmlc)  on  Inhalation  (195). 
Synthailn 

Precipitated  from  raactlcn  at  magneaium  boride  with  HO  or  phoiphtvic  add  (132). 


blocking,  lack  of  coordination,  feelings  of  detachment  ("classic"  lystnma  «f  bores  tsxicoda)  b?»tluu*uiy 
loci  followed  for  few  days  (3). 

Synthetia 

BgHg  Pl/Tolyali  f  BgHg  (140) 

•seen  H2 
480> 

Unique  conditions,  reaction  products! 

Hydrolyses  slowly  In  H20  at  room  temperature,  will  react  with  any  organic  compound  containing  a  re¬ 
ducible  functional  group,  sauces  with  hy.  ■  .ngen  and  other  amicci,  react  with  CIF3  to  yield  hypergolic 
ignition  and  intense  fireballs  (152)j  Urge  explosion  with  hydrazine  (189). 

Solubility! 

d.  cold  H2O)  Si  without  reaction  in  hydrocarbon  solvents  (e.  g. ,  kerosene,  hexane,  benzene,  toluene); 
a.  In  oxygenated  ot  halogenated  solvents  —  but  forms  shock  sensitive  mixture  (152). 

Ignition  temperature! 

Spontaneously  Ignites  at  65. 5*C  (67) 

Leon  limit  of  spontaneous  ignitions  14*  (vol)  at  1  atmosphere  and  55*  at  .  1  atmosphere  (138) 

Rich  limit  of  spontaneous  ignition  not  determined  but  75*  ignites  at  5  cm  mercury  (183) 


Handling 

Can  be  noted  for  at  least  3  years  in  a  clean  moisture  free  vessel  under  an  Inert  atmosphere  (140). 

Thazmodvnamlc  properties! 

heat  of  combustions  1003  kcal/mol  (221) 

heat  of  fonnation  (at  25*C)  (gai)i  If.  02  kcal/mol  (221) 

heat  of  tarnation  (Uq)t  7.  72  kcal/mol  (221) 

free  energy  of  fonnation  (at  25*C)  (gas>  39.  32  kcal/mol  (221) 

free  energy  of  formation  (liq)i  38. 56  kcal/mol  (221) 

entropy  (at  25*C)  (gai)i  65. 95  cal/*mol  (221) 

antropy  (liq)i  44.03  cal/'xnci  (221) 

heat  capacity  (at  25*C)  (gas)t  23. 52  Cal/*mol  (22 1) 

heat  capacity  (liq)t  36. 12  cal/W  (221) 

dipole  moment  (at  -60.2*F)i  4.54  debye  (105) 

heat  of  vaporisation  (at  -72. 4*r>  13, 860  Btu/lb  mci  (105) 

Wfory  M4  friHfe&l.My* 

Liquid  rocket  fuel  (160). 


riammabilltyi 

Spontaneously  flammable  (.195);  pyrophoric  tendeaciei  may  be  due  to 
high  humidity  decreases  likelihood  of  BsHg  air  reactlcn  (49). 


tested 


B  -  8*  1.66  -  1.77A 
8  -H*  1.20  -  1.35A 
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contamination  by  diboss sre  (28)| 


(49) 


! 

s 


if\ 


P 


PENTABORANE 

(Unrtablf) 


Mol.  Wt.i 
65.2 

M.P.! 

-123*C  (132) 


Fcrmulai 

B5H11 

Charsctgrietlcn 
Liquid  -  coloileu,  turui 
yellow  on  •tending  (195) 


Synonym  n 
Dihydropeotabarane 

V-P.i 

52.aPj  7.2’33-4  (226) 


B.P.! 

63*C  (195) 

Toxicity! 

Tolerance). 005  ppm  (.01  mg/m3  air)  (195) 

Unique  conditions,  reaction  tsoductn 

On  standing  for  ?  long  period  of  time  or  heating,  it  produces  diborane,  tetrabacsoa,  hydrogen,  penta- 
borane,  decaborane  and  brown  nonvolatile  liquids  and  solids]  hydrolyses  in  water  to  boric  acid  and 
hydrogen,  reacts  with  ammonia  to  form  tetraammanlatc  (132). 

Solubility! 

d.  alcohol,  air  (226) 


heat  of  vaporizationl  7. 61  kcel/mol  (226). 


Spontaneously  flammable  (226). 


Structure! 


/ 

Bp  -  Bll  ■  1. 72A 

B|  •  Bui  -  1.87A 

»u  -*m-i.76A 

M  4  15  »- 

«*< 


’ll  '"11 


AvaB.H-l.10A  V 

Ava  B  -  Hj,  -  1.22A  I 

Bj  -  -  1.09A 

■U1-HU-I.72A 
Angle  Bui  -Bn  -  *Jj  is  112’ 


HEXABORANE 


Mol.  Wt.i 
75.00 

M.P.l 
-6S*C  (226) 

fe  /  *2^.  St1 1 
.69  (226) 


Formula! 

»e»io 


Liquid  -  colorless  (226) 
B.P.l 

U0*C  (226) 


Synourmw 
Boron  hydride 
Hexabosoa  decabydiide 

V.P.t 
7®  (226) 

HlL 

2.6  (195) 


d.  HjQ,  alcohol  (226) 


Flammability! 

Spontaneously  flammable  (226). 
Structure! 


H>v 


! 


Mol.  Wt.i 
77.02 

M.P.i 
-90* C  (226) 


DtHYDROHEXABORANE 

Formula! 

8^12 

Charactariitlcn 
Liquid  -  col ot leu, 
us  .table  (226) 


Solubilltyt 

d.  alcohol!  1.  organic  aolvant  (226) 
FlammabUltvi 

Spontaneously  flammable  (226). 


Mol.  Wt.i 
122.22 

M.P.i 

99. 5*C  (226) 

d./tp.  qr.a 

.9425  (226) 


DZCABORANE 

Fonnulai 

B10H14 

Charactarlrtlcn. 

Solid  -  white,  cryrtal  (226) 

fiiL 

213*C  (226) 


Bx  -BU  =  1,795  1  .01t)A 
Bj  -BUi  a  1.753  1  .009 A 
Bj  -Blv  -  1.740  1  .014  A 
Bn  -*il  =  1-596  ±  .012A 
Bn  -  Bm  =  1.737  ±  .OlOA 
B„1  -Bly=  1. 794  ±  .009A 
B,  -  Hi  =  1.25  1  .06A 
B,j  -HU  =  1.28  1  .05A 
B11  -Hyj  =  1.36  *  .04A 
Blll  -Hlll  ■!•>«*  04A 
^11-^1  =  1.311  .04A 
Bjji  -Hy-  1.481  .05A 
Bjy  -  Hjv  =  1. 14  l  06A 
Blv  -  Hy  =  1.32  1  .OfiA 


B.P.l 

d.  20* C  (226) 


Synonym  n 
Boron  hydride 

Dacaboron  tatradicuhydride 


V.F.t 
19100  (226) 
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High  as  irritant,  and  on  inhalation  tolerance  .05  ppm  (•  3  my/ in  3)  alr  (195). 


Solubility! 

J.  *.  cold  H2OJ  d.  hot  HjO)  1.  alcohol,  ether,  benrenc  (79) 

Themiodynaiiiic  properties! 

standard  heat  of  formation)  S  keel/  mol  (79) 

heat  of  combustion!  1950  kcai/mo]  (79) 

free  energy  of  formation!  71  keal/mol 

standard  entropy!  15.09  e.u. 

heat  capacity!  40.0  cal/’mol 

Flammability! 

Spontaneously  flammable  In  air  or  Oj  (143). 


liquid 
65  kcal/mal 
42.20  e 
52.09  cal/ 


:  1 

/•raolj 


(79, 


Structure! 


Each  B  atom  Is  two  center  banded  to  a  hydrogen  atom 
(not  shown  In  diagram)  (174) 


BARIUM  HYDRIDE 


Mol.  Wt.! 
139.38 


M.P.i 

d.  675*0  (79) 

d./jp.  gr. t 
4.21  (226) 


Formula! 

BaHj 

Characteristics! 

Solid  -  gray  crystal  lumps  (79) 
B.P.l 

1400*0  (79) 


Unique  conditions,  reaction  gojuag 
Vigorous  reaction  with  H2O  (91) 

Solubility! 

d.  cold  HzO  to  Ba(OH)2,  d.  acid  (79) 

Thcnnodynomlc  reopertlas! 
heat  of  formatiuni  40.96  keal/mol  (226) 
free  energy  of  formations  -31.  6  keal/mol  (32) 
entropy  (at  208*C)s  16  cal/*mol  (32) 

Military  and  lad  u<  rial  users 

Used  as  a  reducing  agent  and  as  condensation  end  reducing  agent  foe  agonic  reactions  (91). 


FI  junm  ability! 

If  finely  powdered  ipontaneouiiy  igniter  In  moist  air,  possible  tiro  to  spontaneously  Ignite  in  dry 
air  (91). 


BERYL!  JUM  3OR0HYDRDE 

Moi.  Wt.i 

38.72 

Mi! 

d.l23*C  (226) 

Unique  cmmlftloiu,  reaction  product* 

Vigorous  reaction  with  water  and  other  reducing  agents  (226))  reacts  with  water  to  yield  heat  and 
hydrogen  (13*5))  explosive  reaction  with  H2O  or  Oj  (220). 

Solubllltyr 

a.  organic  solvents,  Including  a  on -polar  aolvectt  such  as  benaane  (226). 


Permutes 

V.P.l 

(226) 


SyaOwynilS 

Beryllium  bis  (tetrehydroboron) 


itenpodynarnic  properties 
heat  of  rubllnuutlom  14,  820  cal/g  moil 
heat  of  vaporisations  14, 810  cal/mol  / 
heat  of  fonnattosu  98  kcal/moi  V  (103) 
heat  of  combustion!  16-  7  kcal/inol  J 


Flammability! 

Spntstaneoualy  flammable  in  lilr  (226). 


Structures 


>  Hv  A 


Be  -B=»l.74A. 
Be  -  h'  =  133A 
B  -  H'  »  1.28A 

1-H>  1.22A 


BERYLLIUM  HYDRIDE 


Mol.  Wt.i 


Formulas 


»^2 

Characterirtlca 
Solid  -  white  (226) 


(1)  Be(CHj)2  +  UAIH4  y  BeHj  4  LU1H2'CHs>2  <•*«  °<  composition  not  removable)  (134) 

(2)  Be(C4Hi9)2  - - y  beHj  +  (134) 

tx 

Unique  conditions,  reaction  productn 

Reacts  with  water,  dilute  acid,  CH3OH  to  yield  (195). 


11.03 

M-P.i 

a.  125* C  (226) 
Synthesis) 
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Solubility! 

i.  ether,  toluene,  isopentane  (226} 


£ 

l 

l 

¥ 

l 


i 

|  ^  CALCUM  HYDRIDE 

■  M.P.i  Formula! 

I  >  1000‘C  (226)  CaH2 

I  816*C  in  hydrogen  (195) 

I  Q>aracUrt*tic*i  K.F.i 

‘  d./ip.  qr.i  Solid  -  white  cryaUU  (226)  d.  1000*C  (183) 

1  1.9  (226)  d.  <00*C  (195) 

l 

'  Synthesis 

iHeet  parent  metal  in  hydrogen  atmosphere  nt  200* -300* C  (113))  reduce  lime  In  presence  of  hydrogen 
with  magnesium  (132). 

>  Solubility! 

j  d.  with  H20,  lower  alcoholi,  end  carboxylic  ecidi  to  form  Hj  (132) 

Thenrodvnemic  propertlen 

heat  of  forme tlom  46. 6  keel/ mol  (226) 

r 

I [  Military  end  industrial  ueen 

To  generate  H2  (lg  CsHj  in  H20  — >  1  1  H2  at  STP),  preparation  of  rare  metal*  by  reducti<m  of 
their  oxides,  oi  a  drying  agent  far  liquid*  and  ga*e*  (132). 

•  Flammability! 

Calcium  hydride  "lea  likely"  to  ignite  In  water  than  NaH,  11 AIH4  or  NaAlHi,  may  have  dntt  explo¬ 
sion  if  finely  dispersed  in  air  (133). 


CERIUM  (01)  AUJMINOHYDRDE 

Mol.  Wt.  >  Formula! 

233.07  Ce(AlH^)} 

M.P.! 

d.  -S0*C  (13) 

Synthedn 

From  the  solid  complex  with  UBi)  treat  the  complex  with  LIAIH4  near  frecsing  point  at  the  ether,  e 
precipitate  of  tl  5  aluminchydride  1*  yielded  (13). 

Flammability! 

Spontaneously  flammable  (13). 


CERIUM  HYDRJDE 

Mol.  Wt.i  Formula! 

CeH3 


143. 14 
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SvnopvTPS! 

Trlhydrocerina,  cerou*  hydride 


t 


\jimw;wrin«ai 


d.  1080* C  (226) 


5.  S  (226) 

Solvbllltn 
d.  air,  HzO  (226) 


heat  of  formatlour  42-26  kcal/mol  (226) 


Spontaneously  flammable  (226). 


Solid  -  black  powder  (226) 


.5450-500  (226) 


COBALT  TRIPHOSPHINE 


Mol.  Wt.» 
157.85 


Formula] 

Co(PH2)3 


Spontaneously  flammable  (240). 


CESIUM  HYDRIDE 


Mol.  Wt.t 
133.92 

MJM 

dccompoaei  (79) 


Formula] 

CsH 

Qgtchrigki 
Solid  ■■  white,  cubic 
crystalline  (79) 


d .  /’ »p.  qf. » 

2.7  (195) 

3. 41  (79) 

Synthetic 

C*  +  1/2H2  CaH  (80) 

Solubility] 

d.  hot  and  cold  alcohol;  i.  organic  aolvestf  (79) 


heat  of  fonciiitiom 

free  energy  of  form  ad  ca* 

entropy] 


SSL 

29.0  kcal/mol 
24.  3  kcal/mol 
51.25  eai/*mol 


crystalline  \ 

-10. 1  kcal/mol  / 

-7. 3  kcal/mol  (at  9*C)  >(31) 

20.8  cal/*mol  (at  102  mm)  } 


Igniter  in  oxygen  at  rooen  temperature  (80). 
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COPPER  autminohydiude 


Mol.  Wt.« 
94.  S2 


Formula! 

CuA1H4 


M.P.i 

d.  -70 *C  <13) 

Syntherin 

Form  a  Mild  complex  with  LIBi  than  treat  with  LiAlH^  near  the  freezing  point  of  ether  and  a  precipitate 
of  aluminohydrida  If  yielded  (13). 

FUmmablUtvr 

Spontaneoudy  flammable  (13). 


copperhydb.de 


Mol.  Wt.i 
64.  55 


Formulat 

CuH 


M.P.i  Characterlitlcn 

d.  ilowly  55*-60*C  (103)  Red  -  brown  (103) 

l-i»E:  3r-« 

6.38  (103) 

SolublUtyr 

1.  cold  H2Oi  d.  hot  H20,  Ha  (103) 

'thermodynamic  pcopertien 
itandard  heat  of  formation!  71  keal/mol  J 

atandard  free  energy  of  formrtiom  64  keal/mol  >  (79) 
lUndard  entropy!  46. 89  cal/’mol  j 

Flammability! 

Spontaneoudy  flammable  In  air  when  dry  (234). 


GALLIUM  HYDRDE 


Mol.  Wt.i 
Ii5.49 


M.P.t 


-21.4’C  (226) 


Formulat 

G*2H« 

Characterlitlcn 
Liquid  -  colorleat  (226) 

B.P.l 

139*C  (extrapolated)  (226) 


Synonym  « 

Digalltne 

y.p.t 

2  .s0,  7D0130  (226) 
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3C^CH3)3GaH2(CH3)  +  ^(<^5)3  -»  4G«(CHi)3.  NfC-Hjh  +  Ga2Hg  (93) 
PlammabUlr/i 

Probably  ipootanooualy  flammable  (t3). 

1 


CERMANXIM  HYDRIDE 

Mol.  Wt.  I  PcxmulM  Synonym* 

70. 02  GaH4  Cornua 

M.P.i  Cfcaracterlitlcti  B.P.i 

-105*0  (79)  Cm  -  c  dorian  (79)  -88.5*C,  d.  3S0"C  (79) 

ii/jSkJBLJ 
1.323-142  (79) 

Sythodw 

(1)  GeMg  j  +  4NH4Br  ZMgBr,  +  4NH,  *  G«H  (80) 

(2)  UAlHi  +  CaX  -igg^  CoH4+  ...  (132} 

?qiHfcinai, 

1.  hot  aad  cold  HgO,  i.  liquid  NHj,  NaOCl  (79) 

exfthalpyt  -22.3  1  . 3  ltcal/mol  (70) 
hwtcdaauttoo  21.0  l  .  S  kcal/mal  (78) 

riaromabllHya 

DocoapoMi  la  air  often  bunting  Into  flame*  (80). 


GERMAN UM  HYDRIDE 

Mol.  Wt.i  Pomulti 

131.25  CojH^ 

M.P.i  Qbaiactetlrtlcji 

-109*C  (79)  Liquid  (79) 

idStlJgl! 

1.98  *®  (79) 

Sygfliffr 

CoMfj  +  HCl(aquaouj)  — I  Ga^H^  +  ...... .  (80). 

d.  cold  l^Oj  i.  liquid  NHj  (79) 


Synonym* 

Digaanaoe 

B.P.i 
29* C  (79) 
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F 


li  I 


beat  of  formation*  38. 7  i  3  keel/ mol  (78) 
Flammability* 

Decompoeei  la  air  often  bunting  Into  fLamai  (80). 


CERMANDM  HYDRDE 


Mol.  Wt.l 

Formula* 

Swxwww 

225.83 

Trlgermana 

M.  P.i 

Character  1*1''-* 

B.P.t 

-105. 6*C  (79) 

d./»p.  gr.t 

2.2"'  (79) 

Liquid  •  colorlen  (79) 

110. 5* C  (d. 

Svmthctla 

(1)  GeMg2  +  HCl(aqueous)  — » 

G*3Hg  +  ...  (») 

Solubility* 

1.  hot  and  cold  HjOj  a.  CC14 

(79) 

Flamm  ability* 

Decompoeei  in  air  often  bunting  Into  Qamet  (80). 

SOD  KJM  HYDRDE 

Mol.  Wt.l 

Formula* 

d./n>.  ur.i 

24.00 

NaH 

1.396  (226) 

M.P.* 

Character  Utica 

n 

Pi 

1.470  (79) 

d.  800* C.  (79) 

Solid  -  gray  white 

TogdclCyt 

High  (195) 

Synth  e*i* 

cryital  powder  (226) 

Pan  hydrogen  Into  molten  lodium  diiperted  In  oil  ec  mixed  with  a  catalyit  rack  at  anthaceae  (above 
2S0*C)  (132). 


NaH  more  reactive  with  HjO  than  Na  lr  (226)i  violent  reaction  with  lower  alcoholr  (132). 


Solubllityi 

i.  molten  NaOH|  1.  liquid  NHj  (132) 
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standard  hast  of  fcnnatica* 
tadud  free  migy  of  formation! 
entropy* 

( 

MlUttiv  and  lrsdgetrialuaew 
Powerful  redudag  agent  (132). 


as* 

29.  M  kcal/moi 
27.78  kcal/mol 
44.93  cal/*mol 


cyistalllne 

-13.00  i  .24  kcal/mol  Jit  101'C) 
-9.0  kcal/mol  (it  90*C) 

7. 1  cal/*mol  (it  102*0 


(31) 


flammability* 

Finely  powdered,  ipontanaoudy  flammable  la  moist  alt  (220). 


SODIUM  PHOSFHAMDE 


Mol.  Wt.  i  Formula! 

99.94  NaFKj 

Synthedw 

Pan  hydrogen  phosphide  Into  solution  of  soda  mm  an!  urn  la  liquified  ammonia,  tha  gat  It  absorbed  and 
hydrogen  Is  evolved  (quantity  o f  HjO  generated  correspond!  to  the  formation  of  NaPHj).  A  liquid  la 
formed  which  does  not  mix  with  tha  ammonia  although  It  la  not  quite  Insoluble  la  It,  the  liquid  solidifies 
when  slowly  coaled  (131). 

PlammebllltY! 

Spontaneously  flammable  (200). 


Mol.  Wt.! 
197.32 


M.P.s 

29. (PC  (71) 


HAPNSJM  BORCHTORIOE 

Formula! 

HKEH^ 

Cherectaflatlcn  B-P.i 

Solid  -  vole  tie  (71)  118*C  (extrapolated)  (71) 


Unlaue  conditions,  reaction  troductn 

Similar  to  elirmlmrm  fecrobyddde,  moat  volatile  of  known  hafnium  compounds  (71) 


Flammability! 

Uke  the  boroh/dtldaa  of  Al,  Be,  Zr,  hafnium  borchydrlde  lnflamea  violently  when  exposed  to  air  (71). 


POTASSXJM  HYDRIDE 


Mol.  Wt.  I  Formula! 

40.11  KH 


M-P» 

Decomposes  (79) 


CharacteriXlcss 
Solid  -  white  needles  (79) 


a 

J>i 

1.4S3  (73) 


d»/ao.  ar.r 
1.47  (79) 


Synthetic 


X  +  Kj  in  H_  *mb,  pui  alectric  uc  through  ilactrodea)  (•*) 


React!  with  itearn  or  water,  or  acidi  to  produce  rlgonwty  raaeti  with  oaHiring  materiel!  (19S). 
Solubility! 

d.  hot  and  cold  HjOi  !•  CS^,  ether,  beareae  (79). 


heat  of  formation! 

{me  energy  of  formation! 
entropy! 


fl|f 

30.0  keal/moi 
25  1  keal/mot 
47.  3  cal/'mol 


15. 15  a  .  15  keal/mol 
porr)  -8.9  kr ll/mol  (31) 
(102  mm)  10. 2  eal/*mol 


Flammability! 

Ignitei  at  lower  temperature  thaa  NaH  (39),  ipcataaeoady  flammable  (90). 


LITHIUM  ALUMINUM  DEUTERDK 


d./ip.  qr.l 
1.029/ cm  3  (195) 

B.P.! 

d.  124*C  (195) 


Formula! 
UA1D4  ” 


React  aluminum  chloride  with  itthlum  deutetlde  (190). 
Flammability! 

Spontaneoudy  flammable  la  air  (195). 


LITHIUM  ALUMINUM  HYDMDE 


Mol.  Wt.t 
37.95 

M.Pt 

d.  125* C  (79) 

d./tp.  at.  I 
.917(79) 


Formula! 

UAIH4 

Qaagaektisn 

Solid  -  white  crystalline 
powder  (79) 


Toalcltyi 

Highly  cauitlc  on  inhalation,  lageatioo  and  on  dda  contact  (142). 
Synthetic 

(1)  4UH  +  AICI3  -*  UAlHj  +  3Ua  (10) 

(2)  4L1H  +  AlBij  — »  UA1H4  +  SUBr  (80) 


v* 


tc^4hMMIWN 


Wtt  water  aad  aalrii  yiolda  kpffogaa  ud  hast 


HtyUlwa 

Alp  te  air  tifht  matal  cartel aar,  |lan  betel*  er  polyathylaaa  baft  la  natal  ernmbmm,  tteal  or 
■taanai  yaotect  tea*  ytytetl  rtcca  la  cool  dry  ana  (142). 

3kBgftaBBi£jgagaa« 

boat  of  fonaatlcM  -24.06  kcal/noi 

bait  if  famatlna  (it  TT~)i  -195. 67  kaal/iaol  (45) 

ms. 

Powerful  infante)  afloat  for  aiflanlr  compound!  (06). 

QlBBttfelU&a 

Spnatiaamaly  fliauaiMi  la  HgO  (66). 


UTHJUM  ALUMINUM  TRJ-THLT-BUTOXYHYD1UDE 


Mg).  W;.« 

254.04 


M.f.i 

a.  >4oarc  (i|0) 


Formula!  Synonym  w 

UAUOqCH^yH  LATB 

lithium  tri-tart- 

Charactoriitlca  buhOKyaltaaiaahydxid* 

Solid  -  white  powdar  (ISO) 


idB.- M  i. 

1.0S  (199) 


*g&UU*£. 

i.  dlmathyl  ether  of  dtethylana  glycol,  tetrahydro/uran,  dlathyl  ether  (190) 


¥SftMC  syj  teftgd&i  mfL 

9ter*oip*clflc  radacfUaa  of  (terold  Intaaoi  induction  d  add  chlorldai  to  aldohydai  (190). 
HiauuMltw 

"Kaacta  with  HgO  to  avolvi  Hit  unully  doai  not  Ignite*  (190). 


Med.  Wt» 
21.79 


HJjJ, 

d.  2?9*C  (79) 

d./«p.  or.  i 
.66(79) 


UTHBJM  BOROHYDRDE 
Formula! 

ubh4 

Charactariatica 

Solid  -  rhombic  cxyatal*, 
whit*  cubic  cry*,  j  (79) 


Synth*  «Ut 

(l,  4iiH  +Br3.OvCzH5u  -r  L12S!4  +  2L15  :  C'C^}  (8™ 

(2)  2L1H  +  B2H«  -r  2L1BH4  (30) 

Solubility! 

v.  il.  i,  cold  HjO  (79) 

Thermodynamic  pcopertlen 

heat  of  combustion!  136-000  cal/g  mol  (107) 
enthalpy  (at  2S*C)i  -74.  SI  kcal/mol  (45) 
heat  of  formation  (at  25*C)l  -72. 14  kcal/tr  *.  (45) 
heat  of  formation  (at  298. 16*C)t  -44.  IS  kcal/mol  (45) 

Military  and  IndiMtrial  uaen 

Source  of  hydrogen  and  of  other  botch  ydridai,  reducing  agent  for  aldehyde*,  ketone*  and  eaten  (ISO). 


Flam  m  ability! 

May  Ignite  on  c  utact  with  HjO  or  in  moist  air  (69). 


UTHJUM  HYDRIDE 


Mol.  Wt.i 
7.95 


Formulal 

UH 


M.P.i 
680"C  (79) 

d./»p.  qr.l 
.82  (79) 


Characteristic** 

Solid  -  white  cyntal*  (79) 

B.P.i 

d.  850* C  (133) 


Toxlcltyi 

Tolerance  level  -  .025  mg/m3  (195). 


Svnthetin 

U  +  1/2H2  Z221SL*  L1H  (133) 

Unique  ccodltiont.  reaction  product* 

React*  with  alcohol,  carboxylic  acid*,  chlorine  and  ammonia  at  400*C  to  liberate  hydrogen  (132). 
Solubility! 

d.  cold  HjOi  v.  *1.  *.  acid  (79) 

Handling! 

bnmene  In  mineral  oil  or  paraffin  wax  (160). 

Thermodynamic  uropertlew 

high  frequency  dielectric  conataot)  3.61  (159)' 

lattice  constant*  4.0835A  (159) 

lattice  energy  (Boon-Hat*  -  cycle)!  218. 8  kcal/mol  (159)  ■' 


S3 


Flammability! 

Spontaneouily  flammable  (13) 


Mol-  Wt,  > 

107.  34 

M.P.i 

-105. 6*C  (226) 

d./ip.  qr.i 
"ggg-lOir  (J26) 


TRIS1LICYT.AM  IKE 

Form  ul  »i 
(SlH^)jN 

Charge  terlitlcri 
Liquid  -  colorlese  (226) 

EiEiL 

52'C  (226) 


Synonym* 

NitrUo  -  Tri  -  illuna 

Trliilysntlnc 

Nltrodlaoe 


Unique  condition!,  reaction  product* 

Roacti  with  H20  or  iteun  to  produce  flammable  vapor!  (94). 
aolubllltyi 

I.  organic  lolveut  (226) 

Flammability! 

Spontaneouily  flammable  (226). 


Mol.  Wt.! 
S4.00 

M.P.! 

d.  183*C  (190) 
d.  230*C  (133) 


SOD  HIM  ALUMINUM  HYDRIDE 

Formula! 

NoA1H4 

d-VlP;  9M 
1.24  g/cc  (190) 


Syntheris 

React  A1C1  with  NaH  (190) 

Thermodynamic  propertle* 

heat  of  formation  (at  25*C)t  13. 5  keal/mol  (190) 

free  energy  of  formation  (at  2S*C)t  3.0  kcal/mol  (190) 

Military  and  lndugrial  uie« 

Used  to  reduce  carbonyl  and  carboxyl  group!  to  hydroxyl  group*,  to  reduce  amldei  tc  amine*  and  to 
reduce  organic  halldei  to  hydrocarbon!  (133). 

Flammability! 

Fire  and  pottlble  exploilon  If  water,  n  liquid  or  vapor  cornel  In  cortact  with  (133). 
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iJIPHOSPHINE 


Mol._Wt._l 

65.98 

M.P.i 
-S»*C  (22  a) 

d./*p.  nr.i 
1.012  (79) 


Formula! 

PH2  Of  P2ti4 

Chaiacterlrtlcn 

liquid  -  coloritN  (79) 

B.  P.  I 

51.7*C  (226) 


Syntheld*l 

(1)  C«3P2  +  6H20-+  3Ca(OH)2  +  P2H*  +  H2  (131) 

(2)  Acetyl  chloride  react!  with  4HjP^  -+  H 3PO4  +  H3POJ  +  H2  +  P2H4  (^®0 


Solubility! 

1.  bat  and  cold  HjO;  ».  alcohol,  turpentine  (79) 

Thermodynamic  propertlew 

hett  of  vaporization!  6. 89  kcal  (231) 

trouton's  conttant!  21  (231) 

Flamim^bl'ltyi 

Spontaneoualy  flammable  in  a<r  (143). 


PHOSPHINE 


Mol.  Wt.t 

Formula! 

Syncoymn 

34.00 

ph3 

Hydrogenphoiphlda 

Phoephorttted  hydrogen 

M.P.t 

Characteriaticai 

Phoephcrua  trlhydridc 

-133. 5*C  (226) 

Get  *  colorist*  (226) 

d./ap.  gr.; 

B.P.I 

1.3171  (226) 

-87. 4’C  (226) 

1.529°  (226) 

Toxicity! 

Moderate;  hiqh  on  inhalation,  moderate  at  irritant)  tolerance  .05  ppm  (.07  iug/m3  air);  central 
nervoua  r/ntem  depreatant;  irritate]  lungi,  dllatet  heart,  can  came  hypertonia  of  viaccrai  organa  (195). 

Syntheata 

(1)  4P  ♦  3K0H  +  3H2C  -»  PH3  +  3KH2P02  (80);  (2)  CajP2  +  6H20  2PH3  +  3Ca(OH)2  (80); 

(3)  PH41  +  KCH  -*  Pll3  +  Ki  +  H20  (10) 

Unique  f.cnditlfina,  reactlou  products 

Emita  highly  toxic  phoephorut  fuwet  vhen  LeaCtd  to  decompoeitlctt  (195);  react*  with  concentrated 
KNC3  with  violent  dacompodticn  and  Oamet)  apontanaout  Ignition  in  praaanca  of  ai trout  acid  (143). 

Ignition  temperature* 

Autoignition  temperature!  40* -65* C  (97). 
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■1.  s.  HjO;  i.  alcohol,  ether  (226) 

Thermodynamic  leopertlca 
heat  of  formations  3  keal/mol  (226) 
entropy  (at  25*C)«  SO.  23  cnl/'mnl  (226) 
enthalpyi  -1.6  1*4  (78) 

Flammability: 

Spontaneously  flammable  (226) 


TRIS1LYI  PHOSPHINE 


Mol.  Wt.  t  Formulai 

124. 32  P(S1H3)j 

Charactcrlatlua  V.P.s 

Liquid  -  calories*  (226)  83  mm  (at  0*C)  (226) 

Solubility! 

d.  H20;  s.  organic  solveut  (226). 

Flammability! 

S]ioutanecu*ly  flammable  (226)- 


PLUTQNDM  HYDRIDE 


Mol.  Wt.s  Pormulai 

244.02  PuHj, 


d./sp.  gr.s  Character  1st!  cs» 

10.  4  (103)  SOld  -  cubic  (1031) 

Thermodynamic  propcrtlees 

heat  of  formation  (at  70*C)r  -37.0  keal/mol  (23) 


Flammability! 

Spontaneously  flammable  (137). 


RUBOUM  HYDRBE 


Mol.  Wt.i 
86.48 


Foam  ul  at 
RbH 


M.P.i 


d.  300*C  (79) 


CharacterKlcsi 
Solid  -  colorle 


■edits  (79) 


d.  /sp.  qt.  t 

2.60  (79) 
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Smthatin 

m%.  >  « ■ 


T  1*2 


620-680*C. 

(high  uruperaturej^ 


D  kU  I  Ml 


Unique  condltiotn,  miction  product* 
Viol* at  reaction  with  HjO  (89) 


Solubility! 

i.  organic  lolveati  (89)j  4.  cold  and  hot  H20,  acid  (79) 
Thermodynamic  gogittw 

SUtt. 

ha  at  c t  fonzutlcaa  33. 0  kcal/mol 


Military  and  induatrial  man 
Uaad  aa  light  aenxltiva  element  lor  photocell*  (89). 


ctvKalllne 

-11.  3  kcal/mol  (at  102*C)  (31) 


FlammablUtvt 

Igniter  on  contact  with  air  due  to  exothermic  reaction  of  hydride  with  rooiatiare  (89). 


SILICON  HYDRtDES 


Mol.  Wt.l  Formula!  Synonvimi 

(».  10)K  (SiRj^  Polyailanei 

Toxicityi 

High  (acute  local)  aa  Irritant,  on  ingaUion  and  on  Inhalation  (195). 

Swathe  tin 

CaSi  +  2HCI  -»  (SiH2)x  +  CaCl2  (80). 

Unique  condition*.  it  action  productn 

Reed*  with  alkali  hydroxide*  to  yield  hydrogen  (80). 

riT**lmT>*MltY1 

Spontaneously  flammable  is  air  leaving  SiOj  reiidua  (80). 


SILANE 


Mol.  Wt.» 
32. 12 


MPt 

-183*C  (226) 


Formula* 

S1H4 


Characterlrtlcn 
Cat  -  color  Ian  (226) 


Svnonymn 
Silicon  tetrahydride 
Silicon  hydride 
Silicane 


d./ag.  gr.t 

(llg)  .  (id  >185  (226) 

(gaa)  1.64  (199) 


».F.t 

-111.8*0  (226) 
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Tonicity*  .  .  ...  #4A«>t 

“fiST^vUt.  local)  a»  Irritant,  on  <*  on  “““““  V‘~'' 

liquid  HHj - ^  SM4^4*««,W 

-33*C 

_ .  SiHj  +  UC1  4A1C3.  (133) 

(2)  UA1H4  ♦  S1CL,  ^TToIISCS-^  4  3 

(3)  S4Mg2  +  4HC1  ♦  S1H4  ♦  (133) 

I^aufaUcallne  aolvent)  »•  otpwic  wlvem  (226) 

Thermodynamic  ctopertlep 

heat  of  formation!  U.»  l«a  M«>-  (226> 

Flammability! 

Spoutanioutly  flammable  (226) 

SILYL  PHOSPHINE 


Mol.  Vft  » 

64.  U 

M.P» 

<  -185*C  (W) 


Formula! 

HjSIPHj 

fharacteriKlca 
Liquid  (79) 


Synonym* 

PhoapUnyl  Sllaar 

»■?.! 

12. 7* C  (extra. polatad)  (S3) 


Svntheiin 

SI  +  PH2  -^c-^  Hi5iPHz  <157) 


Solubility! 

d.  alkaline  aolvent*  (79) 


“SSLb.  .  «rc  «  a—  « 


OXADBBAMX 


Mol.  Vft.i 
76. 18 


Formula! 

HjStSlHO 


Flammability! 

Spcotancoualy  flammable  In  air  (143). 


disilane 


Fcnnulu 
Si2H6 

Characteriltica 

Gu  -  col  or 1*11  (226) 

4-/«p»  y-t  5J1L 

.  686'25  (226)  -15*C  (226) 

Unique  condition*,  reaction  goducta 

Explode*  with  SFj!  re  net*  violently  with  CCl^  and  chloroform  (136) 

Solubility! 

i.  organic  lolvent;  d.  alkaline  advent  (226) 

Thermodynamic  proper  f  ee 
enthalpy!  >18.  3  ±  .  3  kcal/mol  (76) 

heat  of  form atiom  17.4  *  0. 3  kcal/mol  (78)1  -35.8  kcal/mol  (59) 
heat  of  combuatloui  -575. 3  kcal/mol  (at  293*X)  (60) 
enthalpy  of  formation  -36. 2  kcal/mol  (at  293*K)  60) 

Flammability! 

Spoutaneoudy  flammable  (226). 


Mol.  Wt  l 
62.23 

M.P.i 

-132. 5* C  (226) 


TEISILANE 


Mol.  Wt.i  Formula! 

92. 33  Si3Hg 


M.P.i 

-117. 4*C  (226) 


Characteri*tlc«! 

Liquid  -  colorleu  (226) 


d./io.  gt.i  B.P.. 

.743°  (226)  S3*C  (226) 

.72S25  (226) 


Solubility! 

«.  organic  *olv*atj  d.  HjO,  CCl^  (226) 

Thermodynamic  crooertiaa 

enthalpy  of  formation)  -54. 4  kcal/mol  (60) 

heat  of  formation*  -54. 1  kcal/mol  (59) 

heat  of  combiadoo  (at  293*X)i  -635. 1  k  7  kcal/mol  (60) 


Flammability! 

Spontanccudy  flammable  (226). 


Synonym*! 
Silicoe  thane 


Synonym*! 

Trliilicon  octahydride 
TrUUane  propane 
Silicon  hydride 

y.p.i 

95.5°  (195) 


SIUMCANK 


Mol.  Wt.i 
2Z2.M 


M.P.i 

d.  140*C  (79) 

d./tp.  gr.i 
1.3220  (79) 


Formula! 

S16°3H6 


CharacterUtlcw 
Solid  -  white  platelet*  (79) 


Solubility! 

il.  d.  cold  HjOj  (light  d.  hot  H^O  (7»)j  d.  alt  (79) 


Flammabllltvi 

Spontaneouily  flammabla  (50) 


Svbcbvhm« 

Haxaoxocyclodlaaa 


STRONTIUM  HYDRIDE 


Mol.  Wt.i 

>9.64 

M.P.i 

d.  675’C  (79) 

d./tp.  ar.t 
3.72  (226) 

Svntheriw 

Sr+Hj-)  SiHj  (80) 

Unique  condition),  reaction  uoducte 
Vigoroui  reaction  with  HjO  (226) 

Solubility! 

d.  hot  and  cold  H^O,  alcohol  (79) 

The  im  odynamlc  pcopertlew 

heat  of  formatlom  42.2  kcal/mol  (226) 

free  energy  of  formation  (at  90*C)i  -33. 1  kcal/mol  (32) 

entropy  (at  209" Cp  13  cal/*aol  (32) 


Formula) 

StH2 

CharacterUtlcai 
Solid  -  white  eryetalUae  (226) 

B.P.t 

Sublime*  1000*C  (in  Hy  (79) 


THORVM  HYDRBE 


Mol.  Wt.i 
23S.07 

Qsasteaagi 

Solid  -  black  powder  (226) 


Formula) 

ThHj 
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riammabiiityi 

Spontuneouily  flammable  In  ail  (^26). 


THORIUM  HYDRIDE 

Mol.  Wt.i  Formula! 

943.00  Th^Hjj 

FlammabUityi 

Spcotanaouily  flammable  in  alt  (51). 


URANIUM  BOROHYDMDE 

Mol.  Wt.i  Focmulai 

212. 33  U(BH4)3 

Character  Uti  cm 
Solid  -  brown 
non  volatile  (197) 

Toxicltvr 

Treat  UF4  with  A1(HH4)j  at  room  temperature.  The  dadt  green  volatile  cryttals  of  U(BH^)4  decom-  ( 
poee  very  (lowly  at  roam  temperature,  at  100*C,  however,  give* 

U(BH4)3(pyrophoric)  +  Hj  +  9^  (ZUpH^  »  2U(BH4)3  +  BjHj  +  Hj]  (197) 


FlammabiUtyr 

Spontaneoudy  flammable  and  likely  to  detonate  in  air  (197). 

URANIUM  HYDRDE 


Mol.  Wt.i 
241.03 


d  nt.r 
11.4(79) 


Formula! 

UHj 

Character  latica 

Solid  -  black  powder 
cubic  (79) 


Svadreeiii 

U  (very  pure)  +  *H2  -v  UHj  (90) 

Powerful  redoc  tag  agent)  vigorvui  reaction  with  HjO  (2Us  •>  4HjC  -e  2UOj  +  7Hj)  (90). 
FlammabUityi 

Spontaneoudy  flammable  (10). 
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ZRCONHJM  KSflKKBSBS 


Mol.  Wt.i 
ISO.  SO 


M.P.« 

28.  rc  (71) 


Formula! 

Zf(»H4)4 

Characterlftlc!i 
Volatile  (71) 

B.P.» 

123*C  (71) 


Flammability! 

Spontaneously  flimntUi  in  air  (71). 


ALUMINUM  AMJN03CR0HYDRKJ1S 

Characterlatlcfi 
Liquid  -  oily  (72) 


Syntheilo 

Aluminum  borohydrid*  reacu  with  (CH3)2N8H2  -*  (CH^NBjHs  aminobofofcydride*  at 
aluminum  (30). 

Unique  condition*,  reaction  product* 

Violently  attacked  by  air  or  moisture  (30)j  react*  with  dibcrane  to  yield  (CH3)2NB2  ♦  AlfKHqta  (30). 
Flammability! 

"Oily  liquid  aluminum  botohydrldet  are  ipoataaeoualy  Inflammable  ..."  (77) 
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(h)  NITRIDES 


TRLUJDO  BOR2NE 


Mol-  Wt.i  Formula! 

136-82  B(N3)3 

Uni  qua  conditions,  reaction  product* 

Explode!  abova  -4S*C  or  whan  added  to  H20  (136). 


BARIUM  AZIDE 


Formula! 

BaN6 

Unique  conditions,  raactlon  product*! 

Haat  In  vacuum  to  140-160TC  — »  pyrophoric  residue  (227). 

Flammabllltvi 

Spontaneously  flammable  (227) 


CALCKIM  NITRIDE 


Mol.  Wt.i 
148.25 

M.P.l 

llis'c  (79) 

900*C  (195) 

Synthesis! 

3Cu  +Nj  ->  Ca3N2  (80) 
Solubility! 


Formula! 

Ca3N2 

Characteristic* 

Solid  -  brown  hexagonal 
crystal  (79) 


d. /to-  or.  i 
2.81*7  (79) 


Evolves  ammonia  with  moisture  (195)j  s.  dilute  acid;  d.  absolute  alcohol  (79). 


Therm odypamlc  propertla* 

standard  beat  ci  fomatloss 
free  energy  ol  formation  (at  2S*C)t 
entropy  (at  25*C)l 

Flammability! 

Spontaneously  flammable  la  air  (M3). 


crystal 

-103. 2  hcal/mol 
-88. 1  kcal/mol  >(79) 
25  cal/’mol  J 
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Sffl&aS a 

C«(**2)3  *♦  CoN  +  2NHj  (80)|  cobalt  amid*  la  vapor  prtnmrc  eudiometer.  decoranot*  at  Sft*-7r>'r  . 
la  tt>«  abMnce  of  all  (afc.ctb  avolvad  NH,  on  concentrated  H,SO>)  all  NH,  i,  eliminated  vleldlno 
CoN  (80).  V  3 

flam  m  ability*  . 

SponUnnoualy  flammable  (80). 


POTASS  EJM  NITRIDE 


Mol.  Wt.i 
131.31 

M-P-> 

Decompoee*  (79) 

Solubility! 
d.  cold  HjO  (79) 


Fonnula! 

K 2N 

Cha  recta  rlitlca 

Solid  •  grtewjb  black  (79) 


Flammability! 

C  aurally  apootaneoualy  flammable  la  air  (143). 


DISULPHUR  DINITRIDE 

Mo).  Wt.  i  Formula! 

»2.  t2 

Otaractarlitlcw 
Solid  -  volatile  colorlerr 
ciyatal  (80) 


2*2*2  <»> 

ttalaMi  coodlttow,  reaction  wpductn 
Expledai  abova  30*C  la  air  (80). 


MwMUtvt 

••  beniaae,  attar,  CQ4,  icatosa  (80) 


STRONTIUM  AZ1D8 

Mol.  Wt.  1  Formula! 

171.83  SrNfl 

UaHutcgodftlgM.  reaction  product* 

Haat  la  vacuum  to  ldO*  -  180*C  -4  pyrophoric  raddua  (227) 
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Flammability! 

Spontaneously  flammable  (227) 


THORIUM  NITRIDE 

Mol-  Wt.  i  Formula! 

752.14  TI13N4 

flharacterittlcM 

Solid  -  d^rk  brown  powder 
or  black  crystal  (79) 

Synthesis! 

(1)  3Th  f  2W^  -*  TI13N4  'j 

(2)  3ThCl4  +  2N2  +  GH2  -»  ThjN4  +  12HCK  (SO) 

(3)  3Th02  +  6C  +  2N2  Tb  +  bCO  J 

Unique  conditions,  reaction  product*! 

Bums  in  air  with  incandescence  (143). 

Solubility! 

>1.  d.  cold  H2Oj  d.  hot  h>2Oi  1.  HC1  (79) 


AZJDC  THALLIUM 


Mol.  Wt.  I  Kta'iuulai 

246.  39  TINj 


M.  P.  I  Characteristics 

3  30 vac  (-/yj  Solid  -  expletive  tetraoganai 

(79) 


Unique  coaditiont,  reaction  goducU* 
Exploder  in  air  (103). 

Solubility! 

1.  alcohol,  ether  (79) 


Mol.  Wt.t 
252.04 

M.P.i 

(about)  2630  i  S0*C  (79) 


URANIUM  NITRIDE 

Formula! 

UN 

Characteristics! 

Solid  -  brown  powder  (79) 


Synotivrjiii 
Thallium  iiide 


d.  /rp.  qr.  I 

14.31  (79) 


Synthetic 

{'}  Thermal  decompoaition  of  higher  nitride  I  of  uranium  in  a  vacuum!  (2)  by  itrongly  heating  mix¬ 
ture!  of  uranium  and  the  higher  nitrideij  (3)  reduction  of  hither  nitride*  with  hydrogen!  (4)  direct  re¬ 
action  of  ammonia  ce  nitrogen  with  uranium  hydride!  or  (5)  direct  reaction  between  nitrogen  and 
uranium  (331). 

Thermodynamic  propertien 


rtandrrd  beat  at  formation! 

Hand  aid  fcee  energy  of  formation! 
entropy  (at  25*C)! 

PUmmabilityr 

Spsntanooudy  flammable  (240). 


•80  kcal/mol  ) 

-75  kcal/mol  W79) 
18  cal/*icol  \ 


Sol  ability's 

1.  cold  utd  hot  HjO,  dilute  HKOj  (79) 
PUnunmbmtvt 


Spontaneously  flammable 

(50). 

CESXJM  OXIDE 

Mol.  Wt.s 

281.81 

Farmulti 

CSjO 

M.P.i 

d.  400* C  (79) 

420*CinN2  (79) 

Character!  ftlcst 

Solid  -  orange  needles  (79) 

d./sp.  qr.l 

4.2S  (79) 

Synthesis! 

2Cs  +  1/202  -*  CsjO  (80) 

Salubilitvi 

v.  s.  cold  H20|  d.  hot  H2O1 

s.  acid  (79) 

Therm odvnam la  trope  idea 

standard  heat  at  fonnadoni 
entropyt 

crystalline 
-75.9  keal/mol 
23  a.  a.  (79) 

Flam  inability! 

Spontaneously  flammable  in  Hj,0  (vigorou-)  (80). 

Famous  oxde 

Mol.  Wt.i 

71.85 

Formulas 

FeO 

M.F.s 

1420*C  (79) 

Characterbucss 

Solid  -  black  cubic  (79) 

d./®.  or-i 

5.7  (79) 

n 

Ds 

2.32  (79) 

Svnonymn 
Iron  oxide 


(1)  Thermal  decora  position  at  bon  formate  or  iron  oxalate  result*  la  carbon  bearing  FeC 

(?« C2O4 _ »  FaO  4  CO  +  COj)  (Ufi)j  (2)  dec  tan  pose  FeCjO^j  in  quarti  revel,  lower  sec¬ 

tion  (8 90* C)  remove  nesrent  gases  as  quickly  as  possible,  FtCjO^  trapped  In  heated  pardon  when 
FeO  Is  ibrmtd  (ell  gas  Is  removed)  chill  quickly  (to  prevent  decani  position)  (80)}  (3)  heat  Fez03  and 
reduced  iron  la  sealed  preavacuated  quarts  tubas  3  days  at  900* C  (80). 
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Thermodynamic  prupervica 
temperature  of  tnuMoel  lMlTt 
heat  of  tranrttlma  7.  5  kcal/mol 
entropy  (at  29l*X)l  12.9  a.  u. 


FlammabUityi 

Oxide  ii  fpontaneouily  flammable,  bona  to  Jj  cn  erporoe  to  air  tart  retaina  aptael  drncture  (116). 


DOUM  MONOXDE 


Mol.  Wt.i 
130.61  (79) 


Koemulai 

fa© 


Solubilityi 

1.  cold  HzO;  i.  alcohol  (79) 

Thermodynamic  properties 

White  gray  (79) 

OM 

(tandard  heat  of  forma  tioza 

91  kcal/mol  ) 

! 

temperature  of  Urauattiom 

><») 

heat  of  txansltloni 

4.  S  kcal/mol  I 

entropy  (et  298*K): 

14.5  c.  a. 

> 

Flammability! 

Spoctaneouily  flammable  (SO) 

POTASSIUM  reaOZVE 

Mol.  Wt.i 

Foemulei 

110.20 

K2°Z 

M.P.l 

CharacterUdc* 

B-P.l 

430*C  (79) 

Solid  -  white,  amorpbou*  Occcmpocad 

d  clique  leant  (79) 

Synthetic 

Oxidation  of  potaadum  In  oxygen  (190). 

Thermodynamic  prooerdea 

cmtalllcc 

atandard  haat  of  forma  ti oca 

-118  kcal/mol  ' 

temperature  of  tranattinm 

9S0TC  { 

(79) 

heat  of  d'anaitiona 

6. 8  kcal/mol  1 

entropy  (at  29S*K)t 

23a. it.  J 

FlammabUltyi 

Ignite*  or  explode*  with  HjO  (218). 

(79) 
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1 


Mot-  Wt.i 
221.(7 


MANGANESE  HEPTOX1DE 


M.r.« 

S.9*C  (79) 


ChoimcijMjrtjcg  « 

liquid  -  dark  ted  oil  (79) 


d./>p.  at.*  B-P-i 

2.  39*5°  (79)  d.  5S*C  (explode*  95*C)  (79) 


Unlaw  condition*.  reaction  goductg 

Foam*  la  KMaO^  -  HjSO^  mixture!  (166)|  react*  with  HzO  exothermically  -  Initiate*  explode*.  (166). 
Solubility. 

v.  l.  cold  HjOt  d.  hot  H2Ot  *.  HjSO^  (79) 

Flammability. 

Explode.  70*C  (166). 


MOLYBDENUM  DIOXIDE 


Mol.  Wt. «  Foonulai 

127.94  MoOj 


d./ff.  y.i 
6.47  (79) 


Charactoi't*tlc*i 

Solid  -  lead  gray,  tetragons! 
ec  monoclinic  (79) 


Smtheria 

M0O3  +  H2  $9 t£  »  M0O2  (240) 


Solubility. 

1.  cold  aad  hot  H-,Oj  «1.  >.  hot  concentrated  H^SO^j 


TTfrenpodynamlc  PtOPetMaw 

Heat  of  formation  (at  23*C)f 
temperature  of  traaaltloai 
hint  of 

eatxopy  (at  2M*K)t 
Flammability. 

Spcntaneondy  flammable  (240). 


1.  alkaline  (alvaat.HCI,  HF  (79) 


crvrtalllne 
-190  keal/moi 
220CTX 
16  Uf.al/mol 
14.5  tt.u. 
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MOLYBDENUM  TRIOXEE 


Mol.  Wt.l 
143.94 

M.P.i 
795'C  (79) 

d./sp.  qr.  I 
4.69221  (79) 


Synth*  tin 


Formula! 


Solid  -  colorless,  or  wktt* 
yellow  rhombic 

(nibllmei)  1155760  (79) 


Syncnyrarr 
Molybdic  anhydride 
Natural  nalybdlte 


(1)  roasting  of  molybdenite  (190)4  (2)  1*7  Ignition  of  the  metal  sulfidas,  lower  orldet  and  of  molybdic 
acid*  (190) 


Soluhilit 


el.  1.  HjO}  •.  HNOj  and  concentrated  HQ  solution  (190))  «.  acids,  nllnH»»  sulfides,  NH^GH  (79) 


standard  heat  of  formation! 
free  energy  of  formation  (at  25*C)l 
entropy  (at  25*C)« 
temperature  of  transition! 
heat  of  transition! 

Fhunmabllltvi 

Spontaneously  flammable  (238) 


crystalline 
-180.  33  kcal/mol 
-161.95  kcal/mol 
18.68  cal/*mol 
1068*X 

12. 54  kcal/mol 


-188.1  keel  mol 


PHOSPHORUS  TRIOXIDE 


Mol.  Wt.l 
109.95 

M.P.t 

23. 8* C  (79) 

d./tp.  gr. t 
2.13521  (79) 


PcmnulM 


Character  lstlcei 

Solid  -  colorless  or  white 
powder  0 1  monorlinic 
deliquescent  (79) 


Dipboephorus  triaocide 
V.P.i 

105*0  (195) 

L£i» 

173.  rC  (H2  atmosphere)  (79) 


Syn  the  till 

Precipitated  by  treating  PCI j  with  tatramathyl  ammonium  sulilta  la  liquid  SO^ 

2PCI3  +  3t(CHs)4NtS03  -*  P203  +  3SOj  +  6((CHj)4NJC  (132) 

Solubility! 

d.  hot  HjO,  cold  HjO  to  H3PO3J  1.  CgHg,  CSj,  ether,  chloroform  (79) 

Flsunm  ability! 

Melted  PjOj  readily  Ignites  in  air)  when  thrown  into  Oj  at  50-60* C  Ignites  with  brilliant  flame  (143). 


103 


suEfur^ob  (OJQDE 


Mol.  Wt,< 

ao.06 


Formula! 

SO, 


Svaocvnm 

Sulfuric  acid  anhydride 


M-F.i 

at&.rc 

0  32.5*C  (79) 
y  16.8'C 

Unique  condition!,  reaction  productn 

Reecta  with  maieture  In  air  to  form  white  log  (23). 


Thermodynamic  propertUa 

rtandird  heat  of  formationi 
free  energy  of  formation  (at  25*C)| 
entropy  (at  25*c) 


-3“ 

-94. 45  iVeel/mal 
-35.52  ksal/mol 
61.24  cal/*mol 


liquid 

-104.  «7  kcal/mol 


(79) 


Military  and  Indurtriai  u»e> 

Carman  army  need  SOj  for  (moke  icreecj  in  World  War  I  (23). 


Mol.  Wt.i 
156. 18 

M-£t! 

100.  7*C  (without  d.) 


TRISULPHUR  DOttlROGEN  DIOXIDE 

Formula! 

SjNjOj 

Solid  -  pale  yellow  cryetali  (80) 


-Spfoglf! 

S4N4  +  4SCXX.  +  4SQ2  -9  ZSjNjC^  +  +  2S  (80) 

Unique  condition!.  reaction  troductw 

Tunu  red  at  80*C,  with  further  heating  yield!  ipontaneoudy  flammable  (300*C)  yellow  vapor  (30). 


SILICON  MONOXIDE 


Mol.  WM 

Formula! 

44.09 

SiO 

M.F.I 

Characterijtlcn 

>  1702’C  (79) 

Solid  -  white  cubic  (79) 

dj  iJSt-.rr* 

fttLi- 

2.13(79) 

1 880*0  (79) 

Svutherte 

High  vacuum  (ubllmation  c£  dlicoa  and  quartz  mixture  (132). 

104 


Solubility! 

1.  hot  tad  cold  H.O;  •-  dilute  Kf  mi  UNO  (75j 


Thermodynamic  propertied 
temperature  of  tunritlom  ZS50*K 
heat  ol  transition!  12  kcal/inol 
entropy  (at  298*K)«  <!.  5  e.  u. 


j(») 


Flammability! 

Spontaneously  flammable 

(50). 

Mol.  Wt.i 

TITANEJM  MONOXIDE 

Formulas 

63.90 

TIO 

M.P.i 

Characteristics! 

17S0*C  (79) 

Solid  -  yellow  block  prism  (79) 

d./«p.  qr.i 

4.93(79) 

B.P.t 

« 

Synthesis! 

>  3000*C  (79) 

T1  +  TiOj  _  2T10  (80) 

Solubility! 

i.  dilute  H^SO^i  1.  HNO3  (79)|  i.  dilute  HC1  LT1++  +  H+  ->  T1+++ ; 

Thermodynamic  propertied 

standard  heat  of  formation  (at  2S*C)|  43  kcal/mol 

solid  transition  temperatures  a  1264*Ki  p  d.  2010*K  ((79) 

beat  of  transitions 

a  .82  kcal/mol  l 

entropy  (at  298*K)i 

cr  2.31  e.  u.  ) 

Flommabilitvi 

Spontaneously  flammable 

(50). 

Mol.  Wt.i 

URANIUM  OXSE 

Formula! 

270.03 

U02 

t 

M.Pl 

Characteristic* 

2500*C  (79) 

Solid  -  brown,  clock  rhombic 

217«*C  (under  N2)  (90) 

<x  cubic  (79) 

Synceyrod 
Uranoua  oxide 
Uranium  dioxide 


iil± p ■ 

10. 9«  (79) 


Them  adynamic  proper Hart 

■tandard  heat  cl  formation!  -290  kcal/raol 

free  energy  of  formation  (at  25*C)i  -271  kcal/mol 

temperature  of  traniltlan  (tol)t  2240*K 

entropy  (at  2S*C)i  23- 58  kcal/mol 

heat  of  transitloni  24  kcal/mol 

Flammabllltvt 

Spontaneouily  flammable  (SO). 


(j)  PHOSPHIDES 


ALUMINUM  PHOSPHDE 


Mol-  Wt.i  Fgmulg 

57.96  A1P 


M.P.i 

>  1700’C  (231) 

d./sp.  qr.i 
2.85^  (132) 


Characteristics! 

Solid  -  yellow  gray  to  dark 
crystals  (132) 


Synthesis! 

A1  Jt  P  ->  All)  grind  aluminum  powder  and  red  phosphorus  together,  place  in  vycor  reaction  tube, 
fiujh  with  hydrogen,  heat  diltillation  flask  in  continuoui  hydrogen  until  the  phosphorus  condenses  on  the 
aluminum  phoephide  mixture,  Ignite  in  a  tmoll  hot  flame  and  drive  out  exceu  phoiphorus  (80). 


Unique  conditions,  reaction  products 

Yields  phosphine  on  reaction  with  HjO  (132) 


CALCIUM  PHOSPHIDE 

Mol.  Wt.i  Formula!  Synonym  si 

182.19  Ca  jP^  Photophor 

M.P.i  Cha  recta  ristlcn 

Ca  lfiOO'C  (79)  Solid  -  gray  lumps  (79) 

d/ip.  or.» 

2.51  (79) 

Synth  a  tin 

(1)  3C  +  2P  CaP  j |  (2)  3Caj(PO^)2  +  IfiAl  — »  3CsjP2  +  (cannot  separate 

Ca3P2  and  ALjOj)  (80) 

Solubility! 

d.  In  cold  HjOi  s.  acids)  1.  alcohol,  ether,  CgHg  (132) 

Thermodynamic  properties! 

heat  of  formations  -120. 5  kcal/mol  (226) 

Military  and  Industrial  usen 
Used  to  prepare  P2Hj  (80)j  used  la  signal  flrai  (132). 

Flammability! 

With  water  produces  phosphine  (PH 3)  end  dipfaosphlae  (PH-))  dlphosph  lne  ignites  ipontaneously  in 
elr  (226). 
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CESKJM  PHOSPHIDE 


Mol.  Wt.i 

Formula! 

S20.67 

<Vs 

Characteristics! 

Reddish  brown  (231) 

Unique  conditions,  reaction  products 

Reacts  with  HzO  or  moist  air  instantaneously  to  yield  phosphite  (231) 

CUPRIC  PHOSPHIDE 

Mol.  Wt.t 

Formulas 

252.6 

Cu3P2 

M.P.i 

Characteristics) 

Decomposes  (195) 

Solid  -  black  powder  (131) 

d./sp.  qr.J 

6.67  (195) 

Synthesis 

Pass  phosphine  over  heated 

cupric  chloride  or  through  solution  of  cupric  rulphate  (131). 

Unique  conditions,  reaction  product* 

Yields  spontaneously  flammable  phosphine  on  contact  with  HjO  (195). 

POTASSIUM  PHOSPHIDE 

Mol.  Wt.t 

Formula) 

233.05 

Vs 

M.P.t 

About  650*C  (231) 

Characteristics 

Reddish  brown  (231) 

Unique  conditions,  reaction  ixoducta 

Phosphine  produced  instantaneously  on  reaction  with  HgO  or  moist  air  (231). 

V 

LITHIUM  PHOSPHIDE 

Mol.  Wt.s 

Formula) 

168.73 

Vs 

M.P.t 

Characteristics) 

About  650* C  (231) 

Solid  •  reddish  brown  powder  (231) 
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Phosphlxm  produced  (man  reaction  of  with  H^O  or  mold  air  (231). 


MAGNESIUM  PHOSPHBE 


Mol.  Wt.s 

Formulas 

134.88 

Mg3P2 

d./sp.  gr.l 

Char,  cterlstic* 

2. OSS  (79) 

Solid  -  yellow 

Torlcitye 

crystals  (79) 

Heat  magnesium  with  dehydrated  organic  or  inorganic  substances  c detaining  phosphorus, 
of  magneiium  filingr  and  red  (or  veilow)  phosphorus  to  redneM  in  a  glass  vessel  (131). 


Unique  conditions.  reacU-tn  produces 

MgjPj  produces  phospidne  sod  itlphosphine  an  contact  with  HjO  (226). 


Soluhilltyl 

d.  hat  and  cold  HjOj  d.  dilute  mineral  acidj  si.  d.  concentrated  H2 SO4  (79). 


SCOEJM  PHOSPHIDE 

Mol.  Wt.  I  Formula! 

200.  *3  fajPs 

M»P.t  Characteristic* 

About  650*C  (231)  Solid  -  reddish  brtwa 

ponder  (231) 

Unique  conditions,  rm action  nroducto 

Reacts  instantaneously  with  H^O  or  moist  air  to  yield  phosphine  (231). 


RUBIDEJM  PHOSPHIDE 

Mol.  Wt.  I  Fcrmulai 

325.81  Rb2Ps 

Characteriaticn 

Reddish  brown  (231) 

Unique  conditions,  reaction  erode  eta 

Reacts  instantaneously  with  HjO  or  moist  air  to  yield  phosphine  (231). 


heat  mixture 


( 


KTAMMir  WUnOMjn* 

Mol.  Wt.i  Formula! 

149.66  SnP 


M.P.i 

Decora  pooei  (79) 


d./ni^ar^i 

6.56(79) 


QuimcUrUtlcw 
Solid  -  diver  white 
cryrtol  (79) 


B.P.i 

Dacota pn*«4  (79) 


Unique  condition*,  reaction  product* 

React!  with  maUture  to  yield  fhotphine  (195). 

Solubility! 
d.  hot  HjO  (79) 


Synooymp 

Tin  mooopbotphlde 

Tin  phocphlde 


X 


J 

> 

> 


t 


111 


waM.aunttUri.awii  ,  i  mmm  — — «  «NMhi! ■ 


(k)  SLICE)  ES 


CESIUM  SDL1CDE 


Mol-  Wt.t 
161.0 

Character  Istlcn 

Solid  -  brittle  beau  colorless 
compact  mu*  (80) 


Formula! 

C»S1 


Flammability! 

Ignite*  explosively  on  contact  with  H2O  or  dilate  acid  (80). 


POTASSIUM  SUICIDE 

Mol.  Wt.i  Formula! 

67.2  KS1 

Char  acte  rim  cn 

Solid  -  hard,  poorly  crystallised, 
dark  luster  (80) 

Synth  etln 

Past  potassium  vapor  over  heated  illlca,  forms  potent  uni  tiliclde  and  lilicate  (131). 

Flammabllttvr 

Spontaneously  flammable  with  detonation  (50);  ignites  spontaneously  on  contact  with  water  or  dilute 
acids  (80). 


UTHEJM  SIUCDE 

Mol.  Wt.t  Formula! 

97.81  U6S12 

Characteristics! 

Solid  -  black  ciyitaU, 
hygroscopic  (79) 


Svnthedn 

Heat  silicon  and  lithium  is  vacuo  lor  2  or  3  hours,  and  finally  at  dull  redness.  Remove  excess  lithium 
with  liquid  NHj  or  distill  oil  at  400* -SOO’C  at  reduced  presswe  (131) 

Unique  conditions,  reaction  product* 

Evolves  spontaneously  flammable  gas  as  remit  of  violent  reaction  with  water  (143). 


M.P.i 

d.  600*C  v*c  (79) 

idSb-SL'*. 
About  1.12  (79) 
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Solubility! 

d.  hot  and  cold  HfeOj  d.  alcohol!  1.  NHj,  twjwrtiiw  (7») 


SCDKJM  SDL1CDE 

Mol.  Wt.«  Fcnnulai. 

sTTl  NaSl 

^l^SSly  flammable  ai  looe.  powder  (SO),  .pontaneomly  fUmmabl.  and  aa^ody.  with  HjO  « 
dilute  acid  (80). 


(1)  SULFIDES 


BARRJM  SULFIDE 


MoL  Wt.i  ForouUu 

10-43  BaS 

M.P.i 

1200* C  <7#> 

d./sp-gr.! 

4.2515  (79) 


Toxlcltyi 

Acute;  exctss  salivation,  vomiting,  cholic,  violent  diarrhea,  convulsive  tremors,  increased  blood 
pressure  and  hemorrhages  in  Cl  tract  and  kidneys,  alio  muscular  paralysis  (190). 

Synthesis 

(1)  seduce  sulfate  with  coal]  (2)  melt  is  lixiviated  with  hot  H,0  filtered  and  evaporated  (190) 

Unique  conditions,  reaction  products! 

With  damp  air  decomposes  to  carbonate  with  evolution  of  HjS  (132). 

Solubility! 

d.  in  hat  and  cold  I-^Oj  1.  alcohol  (79) 

HammaalHtyi 

Moderate  fire  hazard,  may  Ignite  due  to  air,  moisture  or  acid  fumes  (27) 


Characteristics 

Solid  -  colorless  cubic 
crystals  (79) 

2. 155  (79) 


CARBON  DISULPHIDE 


Mol.  Wt.i 
76. 14 


M.P.i 
III'C  (79) 

d./sp.  or. i 
1.26l|g  (79) 


Formulas 

CS2 

Characterlstlca 

Liquid  -  col  or  leu  (79) 

B.P.l 

46.  3‘C  (79) 


Synonyms 

Dithlocarbonic  anhydride 
Carbon  bisulphide 

V.P.I 

40028  (195) 

V.d.l 
2.64  (195) 


,18 


n, 

—  (79) 

1.62950  '  ' 


Toxicity! 

Highly  toxic  when  ingested,  inhaled  or  absorbed,  acutely  and  chranldy  all  ecu  central  nervous  sys-  ■> 
tern]  anaesthetic  effect  with  death  following  respiratory  failure  (195)]  threshold  limit  value  - 
10  ppm  (142). 
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i 


!  I 


!  \ 


Syntberiin 

lUMt  fulpfaur  vapor,  and  olowriae  cart*r»  ls  .< 

(2 14J, 

Unique  condition,.  reaction  moducte 
DtcompoMi  to  yield  highly  toxic  lumci  of  rulptiur  oxldci  (195). 

Ignition  temperatures 

Oaah  points  -22*T  (195) 

aitoigoitloo  temperatures  257*?  (195) 

Solubility! 

i*  alcohol)  Inf.  «.  ether  (79) 

Handlings 

Ship  in  (mail  glaa,  or  metal  container,  packed  In  fiber  or  protacted  from  phyalcal  damaue,  Im>UU 

1“‘P  CO°l  (VtP<U  Pr'"Ur'  d0W">  “‘“HiOmdm nearby  electrical 

Thermodynamic  propertlets 
heat  of  futlou  (at  -1U.99*C)i  1049  i  3  cal/mol 
heat  of  combmtions  -246. 6  keal/mol 
critical  temperatures  273.0S*C 
critical  preiiurei  72. 868  atm, 

free  energy  of  tarnation  (at  298.  TX)t  15, 160  cal/mol 
Military  and  ind  unrig)  uleM 

an^lT-d"1.  “,V“t  ,iaph“’  rUMW’  l0dto*  “d  *ota*>«0  »**>  a  fumigant,  diiinfactm* 

and  U  .«,d  in  preparation  of  CCl4  (214).  •***» 


Mol.  Wt.i 
72. 14 

M.P.s 

Decompose,  »79) 
d_./,p.  gr.i 

2.5  (79) 


CALCIUM  suvphde 

Formulas 

CaS 

Character  lrilca 
Solid  -  colorless  cubic  (79) 


Synonvmw 
Natural  oldhamlte 


Pi 

2.137 


(79) 


Syntherin 

(1)  rtrongly  .eat  pulverised  calcium  sulphate  with  charcoal  (190) 

(2)  CaCOj  +  H2S  -*  CaS  +  HgO  +  COj  (80) 

Solubility, 

1.  alcohol)  ,1.  coldHjO,  hot  HzO  (132)|  d.  acH  (79) 

Flammability, 

Air  hauurdou,  tolld  (27). 
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M.P.i  Characteristic* 

1180*C  (79)  Solid  -  white  deliquescent 

oiystals  (79) 

KJ 

1.852"  (79) 

Synthesis* 

(1)  2Na  +  S  ^  NajSi  (2)  HajjS  -  9H20  ->  N^S  +  9Hj,0  (80) 

NHj 

SolublUtyi 

i.  HjOfil.  t.  alcohol)  d.  acid)  1.  attar  (79) 

Military  and  industrial  usee 
Powerful  reducing  agent  (214). 


■4 


Flanimabllltvt 

Air  hazardous  substance,  moisture  hazardous,  ipantaneoudy  flammable  in  air  (80). 


SODIUM  HTOROSULFH1TE 


$ 

i 


Solubility! 

v.  i.  HjOj  il.  i.  alcohol  (132) 

Military  and  lnduatrlal  usee 

Used  as  reducing  agent,  particularly  In  dying  with  Indigo  and  vat  dyes,  bleaching  soaps  and  straw  (132) 
Flammability! 

Oxidizes  In  air,  with  moisture  becomes  damp  and  is  liable  to  ignite  (IS). 


Mol.  Wt.i 

Formula! 

Synonym  si 

174. 10 

NajSjOit 

Sodium  dithionate 

M.P.! 

Characteristics* 

Sodium  tulfoxylate 

d.  55*C 

Solid  -  white,  grayish  white 

Synthesis! 

crystalline  powder  (195) 

Dissolve  Zn  In  solution  of  sodium  bisulfite)  Zn —  NaSj  is  precipitated  by  milk  of  lime  Maying  the 
hydrosulfite  In  solution,  add  salt  and  hydrosulfite  of  crystallation  1s  precipitated,  the  latter  Is  removed 
by  treating  with  hot  alcohol  (190). 


Mol.  Wt.i 
220.09 

M.P.i 

172.  S*C  (195) 


PHOSPHORUS  SESQUBULTlDE 

Formula!  Synonyms! 

P4S3  Phosphorus  tetritatrisulfide 

Tatra  phosphorus  trlsulfide 

Characteristics! 

Solid  -  yellow  ihamblc  (79) 
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d./tp.  at. t 

2.0317  (7*)  40?*C  (195) 

Tmldtg 

,  TrabnUy  toxic  (103). 

4P  ♦  34  P4Sj  (214) 

toltttw  twninntuwi 
AaMlpiMloH  tampetatuiei  212*7  (195) 

Solubility! 

1.  cold  H2Oi  d.  hot  HjO  (79) 

Hinillna 

Ship  li  fUa  jin  and  bottler,  wooden  caui,  ataal  drum*}  protect  from  physical  damage,  store  In 
coal  ventilated  place,  eepuate  bo m  other  material  (142). 

Military  and  ladmtrial  mew 

Umd  la  matchei  manufacture  to  ra place  phoejionu  and  In  lynihatlc  organic  chemistry  (214). 


m.  Wt.» 
222.27 

M.P.i 

2*6J-290*C  (70) 

4-Jffr  SLi 
2.03  (79) 


PHOSPHORUS  PKNTASULFBE 


Foamulai 


F2S5 


Charecterlrtlun 
Solid  -  gray  yellow 
dellqueacent  oyatal  (79) 

B.P.l 


$14*C  (79) 


Ydil 
7.  *7  (131) 


Toxicity! 

Yield  poUoaou*  H^S  If  react  with  HjO,  thxeihold  value  of  d tut  1  tug/va*  (142). 
Syntheeln 

2P  +  SS  -»  P2Ss  (80) 


247*7  (142) 

Autoignition  temperatures  S44.4*F  (195) 

Solubllitvi 

1.  cold  KgOf  d.  hot  HjOj  t.  aUrlirm  rolvent,  .  22CSj  (79) 

Hewdliaor 

Ship  In  glau  bottle*,  eaaied  drum*,  protect  from  physical  damage  and  moisture,  separate  from 
oxidizing  materials  (142). 
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Military  sad  industrial  linn 

Uwd  is  safety  matches,  ignition  compounds,  and  foe  iidrodaclafl  sulfur  Into  organic  compounds  (132) 


Flammability! 

Heat*  spontaneously,  may  ignlta  in  presence  of  moisture  (142). 


THORDM  OXYSUUTDE 

Mol.  Wt. i  Formulas 

280. 10  ThOS 


M.P.t  Chaxacteristl&w 

Decomposes  (79)  Solid  -  yellow  crystals  (79) 

«W«P-  B*-» 

6.44  (79) 

Solubllltyi 

1.  cold  HjO;  t.  aqua  regia)  el.  i.  HNO^  (79) 

Flammability! 

Spontaneously  flammable  in  sir  (143) 
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'  (m)  MISCELLANEOUS 


I  HEXAMMINO  CALCIUM 


Mol.  Wt.i 

Formula* 

142.08 

C*(NH3)6 

Flammability* 

Spantaneouaty  flammable 

(50). 

CHLCROSULFONIC  ACE 

Mol.  Wt.( 

Formula* 

116.52 

CISC^OH 

M.P.t 

Characterlitica 

-80*C  (79) 

Liquid  -  colories*,  fuming, 
pungent  odor  (79) 

d./*p.  qr.t 

nM 

1.7681®  (79) 

B.P.* 

D* 

Toxldtv* 

1S8*C  (79) 

1.437 

Break*  down  to  HCI  and  S04  with  moisture  in  lung*  (142)|  may  produce  severe  add  bums,  irritating 
to  eyes,  lung*,  and  mucous  membranes,  on  ingestion  seriously  irritate*  mouth,  eiophagui  and  Aunarh,  , 
(195). 

Syntheda 

(1)  pet*  HCI  into  fuming  H2*04 -?  CISOjOH  (214) 

(2)  react  SO3  4  HCi  -)  CISO^CH  (214) 

Unique  condition*,  reaction  product** 

HC1S03  +  HjO  ->  H2S04+Ha  (170) 

Solubility* 

d.  to  Hj,S04  and  HCI  in  cold  H20  (79)j  d.  alcohol  acid*  i.  CS2  (79) 

Handling* 

Keep  tightly  clo*ed,  decompote*  with  explosive  violence  In  HgO  (132). 

Military  and  indmtrlal  uaow 

U*ad  in  manufacture  of  organic  mlfoaic  chloride*,  *u  If  .mating  agent  foe  hydroxyl  compound*  (214). 

Uied  by  German  army  In  World  War  I  for  rathe  icreea*  (24).  * 

Flammability* 

Fume*  with  air  (170) 
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mow  iin  uym/vntw 


Mol.  Wt.i 

Formulas 

89.86 

Fe(0H)2 

M.P.i 

Characteristics 

r’ 

decomposes  (79) 

Solid  -  nearly  white  (slightly 

greenish)  hexagonal  or  white  amorphous  (79) 

d./sp.  gr.i 

3.4  (79) 

I 

•i 

Synthesis* 

t 

Carry  on  in  Nj  atmusiJiuv  (alMence  of  OjJja  centrifuged solution  of  Fe(0(i)2  (precipitated  from  pure 
FeC.l^)  i»  concentrated  aqueous  solution  of  NH^  i»  admitted  through  a  filter  diluted  with  H^O>  Heat  the 
Fe(OH)2  prec  ipitate  3  hours  at  BO'C  and  allow  precipitate  to  settle,  wash  in  similar  fashion-  Solidify 
residue  by  immersion  oi  flask  in  ice,  salt  mixture  and  distill  off  H^O  as  solid  slowly  melts,  cam  piste 
drying  with  P2Os  under  high  vacuum  (80). 

Unique  conditions,  n.  go  lion  ^jodnclu  1 

When  sprayed  Into  air,  burns  with  spiij's  (80).  | 

SoluMUlj-l  * 

cold  H20  .OOOJSK>,s.  acid,  Mli^CIl  i.  alkaline  solvent  (79)  j 

f 

POTASSIUM  CHLORATE  } 


Mol.  Wt  « 

Furuiulas 

A 

122.55 

Kao3 

! 

M.P.t 

Characteristics.’ 

356’C  (/9) 

Solid  -  colorless  monocllnic  (79) 

iilEtJSi IL-J 

2.32  (79) 

B.P.i  n 

d.  lOQ’C  (79)  — 

1.409]  1.517]  1.524  (79) 

Synllieslst 

I 

(1)  electrolysis  of  a  licit  couceuliaud  alkaline  solution  of  KC1  (190) 

(<i)  Interaction  uf  solutions  i,l  potassium  cfolatide  anil  sodium  chlorate  or  calcium  cnlorate  (190) 
Solubility! 

7.  1®  cold  H,Oj  5>'1C»0  pj^oj  14.  1  SOM  alcohol)  U.  i.  glycol,  liquid  NHj|  i.  acetone]  i.  alkaline 
solvent  (79). 

Military  and  industrial  uses* 

Explosive,  fireworks,  matches,  ] fluting  uud  dying  ccOtua  and  wool  black,  source  of  O^,  la  chemical 
analysis  (190). 

tlai.  un  a  I;  J  It  yl 

Spontaneously  expiuslvo  (Ih4). 
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•  •*•!»  .M  s 


DtPOTASSttJM  Nrmo*rKT*n 


Mol-  Wt.  I  Formula! 

181.2  K2(NOz)CHCOO 

Unique  conditions.  reaction  qroducue 

when  dry  (alt  moistened  whh  a  little  HjQ  (M3). 


MAGNUM  cyanipe 

Mol.  Wt.t  Formula! 

76. 31  Mfl(CN>2 

M.P.i  p.P.l 

d.  3O0*C  to  MgCN2  (79)  d.  fiQO’C  (78) 

Solubility! 

i.  cold  HzO;  d.  hot  HzO  (79) 

Flammeblllty! 

Liable  to  produce  lire  upon  expoiure  to  air  (27). 


SODIUM  HYDROXYLAM INE 


Mol.  Wt.i  Formula! 

53.99  NaNHjO 

Synthesles 

Sodium  react!  incandescently  with  hydroxyl  amine  In  etheral  solution  yielding  hydrogen  and 
NHjCNa  (131). 


Flammability! 

Spontaneously  flammable  In  air  (M3). 


SODIUM  HYDRAZIDE 

Mol.  Wt.i  Formula! 

53.99  NaNHNHz 

Synthesis! 

Thin  dice*  pure  sodium  gradually  added  to  ordinary  free  hyxh.iine  in  an  atmosphere  of  pure  dry 
nitrogen,  a  colorless  precipitate  is  formed  (NaOH)  and  liquid  becomes  yellow,  evaporate  yellow  solu¬ 
tion  and  HaNHNHj  remained  as  residue  (131). 

Unique  conditions,  reaction  products! 

Can  explode  with  air,  alcohol,  or  moisture  (162). 
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Na4P2-2NHj 


Mol.  Wt.i 
187.90 

Unique  condition*,  reaction  product!* 

Violent  reaction  with  K,0  vieldi  ipontaneoualy  flammable  phoephlne  and  hyilrmig  (15$). 


D IAM IDOPH OSPHORU  S  ACID 


(NHjjfcPtOJOH 


Mol .  Wt.  >  Formulas 

95.99  (NHjj^PtOJOH 

Sy.ithetla 

Treat  pheuyldlchlorophoiphate  Clj-  PO  GCgHs  with  NH3  to  convert  it  into  piunyldlamldoptioaphatc, 
and  (NH2)2POOC^H5  end  hydralyxe  the  product  with  a  solution  of  potassium  dlamidophosphate.  Heat 
the  cold  solution  at  thia  aalt  with  CH3COOH  to  fcrm  cryaUlr  of  (NHj^POOH  (131). 


RUBIDIUM  SIUC1DE 


Mol.  Wt,» 
113.5 


Foanulai 

Rbji 

Characterim.ua 


Solid  -  rm  all  dark  crystals  (80) 

Unique  conditions.  reaction  nroductw 

Ignitei  explotlvely  on  contact  with  HjO  or  dilute  acids  (80). 


PROS1LOXANE 


Mol.  Wt.» 
46.09 


Formula 

HjSlO 


Flam  inability! 

Spontaneoualy  flammable  In  air  (143). 


Mol.  Wt.  t 
118.18 


SljN^ 


Synthciin 


SljClg  +  NH3  Si^H  +  (SliN2)n  (80) 


Flammabllit 


Spontaneously  flammable  (50). 
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SILICOC'iN 


Mol.  Wt.l  Fonr  lai 

<84.  18)n  <S,2N2>n 

Synthetic 

SljClg  +  NH3  -»  S12N4H6  +  (Sl^),  (SOI 
[UanubUjtfl 

Spouuncouily  flammable  (SO) 


TITANIUM  BORIDE 

Mol.  Wt.n  Formula! 

69.  S4  TIB,. 

A 

Synth  ««la 

Prepared  from  titanium  powder  and  boron  trichloride  under  argon  (24). 
Flammabilltyt 

Spontaneouily  flammable  (240). 


II.  ORGANIC  COMPOUNDS 


(a)  METAL 
HttNYimVER 


Mol.  Wt.» 
184.98 


Kormuliu 

(CoH5)lAg 


M.P.i 

J.  “18*C  (103) 


Character!  «tic*» 

Powder  -  gray  cir  brown  (103) 


Synthetic 

Precipitate*  when  AgCl  or  AgBr  i«  added  to  a  cooled  solution  of  phenylmagnciium  bromide  (41). 
Solubilltyi 

«•  etherj  i.  organic*  (103) 


Fluniinabilltvi 

Exploiive  at  room  temperature  (41) 


ETHYL  D ICliLORO  ALUM  INK 


Mol.  Wt.l 

126.96 

Formula  i 

Svnonvmit 

CoHgAiO^ 

Ethyl  aluminum  cLi chloride 

M-P-i 

Characterise* 

V.P.l 

22*C  (226) 

Liquid  -  yellow  (226) 

12«j  -N 

d./«p.  qr.i 

1.232ZS 

B.P.l 

194*C  (extrapolated)  (226) 

30100  / 

6»120  >(226) 

2#>i68( 

Viacerityi 

5?5»W  | 

Synth  eric 

3. 18  (at  23.  3’C)  (226) 

y 

Reaction  of  aluminum  chloride  with  ethyl  aluminum  tesquidloride  (190) 

Unique  conditiona,  reaction  products 
Violent  reaction  with  1^,0  (190) 

Solubllityi 
d.  H20,  air  (226) 

Military  and  Industrial  uteri 

Catalyit  for  olefin  polymerization  and  aromatic  hydrogenation  (190). 
riammabllltyi 

Spontaneouily  flammable  (226). 


V 
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ALUMINUM  BORGHYDRIDE  MIXTURE 


Mol.  Wt.  i  Formula! 

117.46  A1(BH4)3  ■  CjHgO 

Flammability! 

Spontaneoualy  ignite!  at  room  temperature  after  a  abort  induction  period  (173). 


Mol.  Wt.r 
72.02 

MPi 

IS.  4*C  (226) 

B.P.i 

126*C  (226) 

Svntbi  »1b 

(1)  2AI  +■  3(CHj)2Hg  ->  Efdr^Al  +  3Hg  (109) 

(2)  Al2Mg3  +  6CHjCl  -+  2(<H3)3A1  +  3MgClz  (109) 

4 

Unique  condition!.  reaction  product* 

Violent  reaction  with  HjO  and  oxidizing  mated  all  (109) 

Solubllltyl  • 

i.  organlci)  d.  HjO,  air  (226) 

Thermodynamic  cropertlen 

enthalpy  of  combuitlonl  762. 1  *  2.3  kcoi/mol  (714) 

enthalpy  of  formation!  (llq)  -28.2  Iccal/mol  (714)j  (gal)  -13-  3  kcal/mol  (714) 
heat  of  combuitlonl  10, 500  cal/g  (226) 

•pacific  heat  (at  33  mm)i  .  53  (226) 

Military  and  induitrlal  uiew 

If  releaaed  In  atmoiphere,  producer  telf  luminoui  trail!  uieful  for  wind  meafurementi,  wind  (heart, 
and  turbulence  at  night  (192)|  intermediate  claw  of  propellant!  (109). 

Flammability! 

Spontaneouily  flammable  (226). 


TRIMETHYL  UUMINUM 


Formulm 

<CH3)3Ai 


Synonym  w 
Trimethyl  elumlne 


Chiiractariatlcn 
Liquid  -  colorlen  (226) 


V.P.l 

8.4 


>0  ~) 


68. 560  i  |226) 
332100  ) 


TRIMETHYL  ALUMINUM  BROMIDE 

Mol.  Wt.t  Frjmulai  Charactariitlcn 

231.85  (CH3)3AlV2  Liquid  (130) 

Flammabilltvi 
Pyrophoric  (130) 


126 


Jin  imUmiUL 


Mol.  Wt.i 
164.94 

il.Pi 


Ftvmula! 

(C,H5)2AlBr 

Charactcristlcn 


383*F  (126)  Liquid  (126) 

Unique  condition!,  reaction  peoductn 
Ignite)  with  air,  H^O,  alcohol  (126). 


DIETHYL  CHLOROALUMINE 


Mol.  Wtii  Formula! 

120. 56  (CzHsfeAlC 


Svncavmm 

Diethyl  aluminum  chloride 


M.P.i 

-74*C  (226) 
d.  /«p.  qr.  I 

7*5825(226) 


Characteristic*!  V.P.I 

Liquid  -  colorlei*  (226)  tf* 

12®°  / 

6Sl»y(22u) 

B.P.i  256^  \ 

208  C  (226)  ) 

(extrapolated) 

VUcofltyi 

.  453  cp  (at  23.  3*C)  (226) 


Toxlr.ltv! 

Produce)  deep  painful  burn)  on  contact  with  living  tlrrue  (142). 


Synthetic 

React  triethyl  aluminum  with  ethyl  aluminum  tesquichloridc  (190). 

Unique  condition),  reaction  productn 
Violent  roeaSicn  with  HzO  (190). 

HandUnql 

Ship  in  alee!  cylinders,  stow  in  isolated,  well  ventilated,  fire  resittlve  storeroom.  Protect  container* 
from  shock  and  damage  (142). 


Mol.  Wt.t 
86. 11 

dj/iE- 

.80820  (103) 


DIETHYL  ALUMINUM  HYDRIDE 


Fotmulai 

(C2HS)2A1H 


Characteristics! 

Liquid  -  calories)  (103) 


1.4702 


Synonyms! 

Diethyl  ulumlne 

V.F  i 

55-56  -001-.0001  (103) 


(103) 
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AIC13  +  A1<C2Hs)2  Clj  A1{C2H5)2C1  +  L1H  Al^H^H  +  L1C1  (Mu>. 

Solubility! 

d.  H20,  alt  (103) 

FI  anuo  ability! 

Spontaneously  lgoltei  In  alt  (145). 


TRIMETHYL  ALUMBME  DIMETHYL  ETHER 


Mol.  Wt.i 
11S.11 

M.P.i 
-30*C  (226) 

Solubility! 

I.  oeganlcii  d.  h^O  (226) 

- ,UU*,N 

Spontaneously  flammable  (226). 


Formula! 

(aij)sAl(CH3)20 

Characteristics 
Liquid  (226) 


B.P.I 

159“C  (226) 


TRIETHYL  ALUMINUM 


Mol.  Wt.i 

F-rmulai 

114. 17 

(c2hs)3ai 

M.P.i 

Character  lttlcH 

-46*C  (226) 

Liquid  -  colorleti  (226) 

d./ip.  ar.i 

H.P.t 

.8324^5  (226) 

184* C  (226) 

Specific  host! 

.  527  (at  33  mm) 

207*C  (extrapolated)  (226) 

“oi5 

Toxlcltvt 

1.480  <22S> 

Hi  ,h,  extremely  deitructive  to  living  tissue  (80). 


V.P.i 

7oo4'*6'50'\ 

.8®  ((226) 
1310  1 

no140  J 


Viscosity! 

2.58  cp  (at  25*C)  (226) 


Svnthesl* 

Al(C2H5)2Bt  +  Na(wlre)  — >  Al^HjJj  . . .  Heat  flask  of  AUCjHjfeBr  and  Na  wire  at  105* C  (with 
external  cooling)  until  reaction  calms,  add  more  AllCgHij^Br  and  heat  to  200* C  for  10  houn  with 
stirring,  cool  flask  and  add  extra  Na  wire  to  ensure  dehalogenatlon  completion,  return*  itlrrlng  at 
1S0*C  fer  li  hourt.  Distill  off  A1(C,H5)3  (80). 

Unluue  conditions,  reaction  products 

Hydrolyze!  to  A1(0H)3  Immediately  with  moisture  (80);  explode!  violently  with  H20  (143). 
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Ignition  tem pcraturei 

flashpoint!  <  -S2.5*C  (195) 

autolgnitiori  temperature!  <  -52.5*C  (19S) 

Solubility! 

•  ■  or<j.inici|  decomposes  HjO,  air  (226). 

Military  and  Industrial  uses 

Used  In  experimental  teiu  for  obtaining  heat  transfer  parameter!  (73);  igniter  far  rochet  fuels  (!87)| 
Igniter  for  capsule  firing  flame  threnver  (98). 

Flammability! 

Spontaneously  flammable  (226). 


t 


D I-n -PROPYLALUM 1NUM  HYDRIDE 

Mol.  Wt.i 
114.04 

Flammability! 

Ignites  spontaneously  in  air  (14S). 


TRIMETHYL  A LUMINE -DIETHYL  ETHEft 

Mol.  Wt.i  Formula! 

14«-21  (CH  j)3A1. 

Characteristics! 

Llqu44  ""4) 

Solubility! 

•.  u.ga.iic  solvent;  d.  H^O  (226) 

Flammability! 

Spontaneously  flammable  (226). 


Oti 
15«  (226) 


Formula! 
(C3H  7)2A1H 


» 


Mol.  Wt.i 
176.87 


M.P.i 

-39. 5*C  (101) 


d-/»P-  9* •* 

.  9088|°  (103) 


DIISOBUTYL  ALUMINUM  CHLORIDE 


Formula! 

Aia(lso-C4Hg)2 


Svnonvmn 

Di  -1-butylchloraalumina 


Characteristics! 

Liquid  -  colorless  (103) 


1.4506 


(103) 


SlM 

{108 


(103) 


Viscosity! 

5.  llcps  (at  20* C)  (103) 
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Unique  condition*,  reaction  products 

Vic'd?  ufiiw.  fviilic  xmuac  mi  LCMulutt  wiui  ri^Oi  +  M2*J  Ai(OH)^.Ci  +  21bo-C2Hj(j 

(Hi). 

Solubility! 

».  organic  aolventaj  d.  H.,0  (103) 

Flawm  ability! 

High  ipontaneoua  exothermic  reaction  (may  flame)  On  contact  with  air  (111). 


DI1SOBUTYL  ALUMINUM  HYDRIDE 

Mol.  Wt.i 
142-06 

Syn the  rial 

Reaction  of  iaobutylene  and  hydrogen  with  aluminum  ( 190). 
Military  and  indartrlal  men 

Reducing  agent*  in  the  manufacture  of  jjharmaceutica'i  (190) 

Flammability! 

Pyrophoric  liquid  (190). 


Formula!  B.  P.  I 

(i-C^Hj^AlH  lOS'C  (190) 


TR IPR  OPYLAUJM  INUM 


Mel.  Wt.i 

Formula! 

156.25 

(n-CjHyJjAl 

M.P.i 

Character!  iticn 

-107*C  (103) 

Liquid  -  colorleai  (103) 

d ./*».  or.  1 
.82^°  (103) 

Toxicity! 

3.P.! 

iLL-J. 

248-252*C  (103) 

1565  (103) 

Slight  (acute  local)  ar  irritant,  or  allergen)  alight  (chronic  local)  at  allergen  (195). 

Unique  condition*,  reaction  product*! 

Vigcroua  reaction  with  oxidizing  material),  hydrolyze!  to  evolve  flammable  vapora  (195))  explodei 
violently  with  H2O  (143). 

Solubility! 

1.  organic  aolventi)  d.  H^O  (103). 


Pyrophoric  (190). 


triproi>yi.  auiminum 


Mol.  Wt.i 

156.25 

Formula! 

(1  “CjHjr)  jAl 

SyminiiiHfi 

.■•pytalu.u' 

MJP.i 

..lore  (103) 

Chai-ictcrlittua 

Liquid  -  colorlen  (103) 

V-.P.i 

11.65  (10  5! 

d./ip.  <n.i 

I!  »■  .. 

.82320  (103) 

248-252’C  (103) 

Solubility! 

l.  organic  solvent!)  d.  Hj 

O  (103). 

Klamriabilltyi 

Spoutateouily  flammable 

(>«). 

DEETHTl  4 -ETHOXY  BUTYIJVb.lNE 

Mol.  Wt.i 

186.27 

Formula! 

(C2M5feAl(CH2)40C2H5 

OiqcacterKlcn 

liquid  -  colorlaia  (226) 

V.P.I 

5.5» -6  (226) 

Solubllltyl 

d.  airi  >.  organic  lelvuntr  (226) 
Flammability! 

Spontaneously  flammable  (226). 


Mol.  Wt.l 
188.25 

„17.< 

174370  «Z26» 


TRIETHYL  AJJJMINE  DIETHYL  ETHER 


Formula. 

Al(C-2HS)3(CiH5)20 


BP  i 

2 16* -2  IB’ C  (226) 


CharacterlttlcB  V.  P.i 

liquid  -  colorlew  (226)  16112  (226) 


Flammability! 

Spontaneously  flammable  (226) 


Mol.  Wt.i 
199.32 


DffiTHYLDlKTHYL  AMINO-3-PROl  YL  ALUMINI 
FonmUal 

(C2H5)2AS(Ol2)3N(CJH5)2 
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M  P. i  Qiatacterl*tlcw  V.P.t 

-2'C  (226)  Liquid  -  rtraw  (226)  297  (226) 

Solubility! 

■  ■  organic  solvent*)  d.  air  (226) 

Flammability! 

Spontaneously  flammable  (226) 


TRI-n-BUTYLALUMINUM 

Mol-  Wt.  i  Form  ill  al 

198. 33  (n-CjH^jAl 

Characterlitlc*! 

Liquid  -  col  cried  (190) 

Syntheeln 

Exchange  reaction  between  butene-1  and  Uobutyl  aluminum  (190) 

Military  and  induttrial  men 

Production  of  arganoCln  compound*  (190). 

Flammabilltyi 
Pyrophoric  (190) 


Mol.  Wt.» 

198.3 

M-P.i 

1.0  -  4.  3*C  (103) 

d./ip.  gr.i 
.  78S920  (103) 

Toxlclti'i 

High,  extremely  dertructlve  to  living  timid  (195). 

SvntheriB 

React  iiobutylene  and  hydrogen  with  aluminum  under  moderate  temperature  and  varying  preiaure  (190) 

Unique  condition*,  reaction  product*! 

React*  violently  with  HjO,  acid*,  halogen*,  alcohol*  and  aminei  (190). 

lonltlon  temperature! 

Oath  point!  <  4*C  (195) 
ai-tolgnltlCB  temperature!  <  4*C  (195) 


TRI-im-BUTYLAIUMlNUM 


Formula! 

(C4Hg)3Al 

Characterlstlca 
Liquid  -  colorled  (103) 

b20 

—  (103) 

1.4494 1  ' 


Synonym*! 

Trlljobutylalumine 

V.P.i 
147  (103) 

Vise  0*1  tvi 

2.  39  cp*  (at  20*C)  (103) 
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Solubility! 
u.  H2O,  air  (iui) 


Military  and  liyluitrlal  men 

Polyolefin  catalyitj  manufacture  of  primary  alcaholi  and  olefWj  pyrophoric  fuel  (190). 
Flammability! 

Fumei  violently  or  igniter  with  air  (190) 

TR  IPHENYLALOMlNUM 


Mol.  Wt.! 
258.30 


Formula! 

(C^HsJjAl 


M.P.» 

230*C  (103) 


Characterirtic« 

Solid  -  white  (103) 


Solubility! 

d.  (explosively)  H2Oj  t.  organic*  (190) 


1, 1, 1-TRIMETHYL  TRttROMO  DIAUJMENZ 


Mol.  Wt.i 
338.81 


Formula! 

(CH  j)jAlAlBrj 


Synonym*! 

Methyl  el  an  Inum  lajqulbromide 


M.P.i 

4*C 

?•/«£•.  fl'.-JL 

1.5142S  (226) 

Vitcotityi 

2. 76  cp  (at  23. 3‘C  )  (226) 


Characterise* 

Liquid  -  yellow  (226) 
B.P.i 

166*C  (extrapolated)  (226) 


(226) 


Unique  condition*.  reaction  groductn 
Violent  reaction  with  H20  ( 190) 

Solubility! 

i.  organic  rolvent)  i.  H2O  (226) 

Military  and  indurtrial  urea 

Catalyrt  for  polymerization  of  oleflni  and  hydrogenation  0 i  aromatic*  (226). 
Flammability! 

Spontaneously  flammable  (226). 

METHYLAUJM1NUM  SESQUICHLORDE 


Mol.  Wt. ! 
205.34 

F.Pl 

22. 8*C  (190) 


Formula! 
(CH3)3Ai203 
d.  /ip.  qr.l 
1.62925  (iso) 


B.P.i 

143. 7*C  (extrapolated)  (190) 
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Catalyat  lot  polymerliation  of  oleflna  and  hydrogenation  of  aromotlca  (190). 


FI  amm  ability! 

Flamei  instantly  in  air  (190). 


1, 1, 2 -TRIMETHYL  DL4LUMENE 


Mol-  Wt.i  Fonnulai 

102.09  (CH3)2HAlAlH:rH3 

Unique  condition*,  reaction  product* 

Vigorou*  reaction  with  H2O  — >  CH4  +  Hz  +  A1203  (92) 

Solubility! 
d.  air,  HzO  (226) 

Flammability! 

Spcntaaeoualy  flammable  (92) 

1, 2  -DIETHYL  TETRAKDO  D1ALUMENE 

Mol.  Wt.  1  Fonnulai 

619.72  C2H5  (2  A1  A1^2  C2HS 

duractarirticB 
Liquid  (226) 

Solubility! 
d.  a.O  (226) 

Flawmabllltvi 

Spontaneoualy  flammable  (226) 


1, 1, 2, 2  -TETRAMETHYL  DIAUIMENE 


Mol.  Wt.i  Fonnulai 

116.12  (CH3)2HA1A1H(CH3)2 

Charactcrlitlcu 

Liquid  -  calerlaaa  (226) 

Unique  condittcaa.  reaction  gcoducta 

Reacti  with  H20  to  yield  CH4  +  H2  +  A1203  (92). 


Solubilltvi 

a.  organic  advents)  d.  HjO  (226) 
Flammabl'lttyi 

Spontaneoualy  flammable  (92). 
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Svnonvmai 

Trimethyl  aluminum  hydride 


Svnonvmai 


V.P.i 

4158  160  (226) 


B.P.i 

DecompoMS  (226) 


t 

i 

i 
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Solubility! 

Explode i  with  cold  KjO  (79). 


F1soni»t*hjlfHrt 

Explode*  with  moisture  (195). 


ALUMINUM  SESgUERCMIDE  ETHYLATE 

Character  lsticn 
Liquid  (125) 

Unique  condition!,  reaction  products 

Explodes  with  decomposition  on  contact  with  H2O  or  alcohol  (125). 

Flammability! 

Pyrophoric  (125). 


TRIETHYL  ALUMINUM  TIUETHYL  BORON 


Formula! 

TEAB 

[TEA  +  TEB] 
ISM  85* 


FlammablUtys 
Pyrophoric  (186). 


D IMETHYLCHIOROARSINE 


Mol.  Wt.« 
140.44 


M.P.t 

<  -4S*C  (79) 


Formulas 
(CH^  Asa 

Characteristics! 

Liquid  -  colorless  (79) 


Synonyms! 

Dim  ethyl  arsenic  monochloride 
Chi  orodim  ethyl  arsine 
Cacodyl  chloride 


d./sp.  ad 
1.504«12(79) 


BP.l 

109*  C  (79) 


n>2 

Pi 

1.5203 


(79) 


V.d.l 

4.84  (195) 


Synthes!* 

Dissolve  cacodylic  acid  In  excess  HQ  and  reduce  with  solution  of  hypo  phosphor  us  acid  in  the 
same  reagent  below  50* C.  Cacodyl  chloride  separates  as  a  heavy  faint  yellow  oil  which  is  removed  in 
a  separatory  funnel,  dried  with  CaClj  and  distilled  is  a  Oj  atmosphere  (176). 
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Solubility! 

c.  alcohol)  1.  HjO,  ether  (li>5) . 
Flammability! 

Spontaneously  flammable  (226). 


eACODUL  FLUORIDE 


Mol.  Wt.i 
121.94 


Formula! 

(CH^AsK 

( -liaijr.l  eristics! 

Liquid  -  colorless  (unbearable 
repulsive  odor)  (176) 


Solubility! 

1.  H20  (apparently  dccoinjounl  l>j-  it)  (176) 

Handling! 

Corrosive  to  glass,  keep  in  plaUmui  container  (176). 
Flammability! 

Spontaneously  flammable  (227) 


CACODYL  IODIDE 


Mol.  Wt.« 

231.89 

M.P.;  Oiaructcs  UUca  B.P.! 

-35‘C  (solidification  liquid  (103)|  yellow  oU  (46)  154-1S5*C  (103) 

point)  (176) 

i 

Synthesis! 

(1)  Aqueous  solution  'i  >■  w  il  ui<1  hi  is  saturated  with  SOj)  add  111  HC1  from  time  to  Urns. 

Cacodyl  iodide  separate.',  as  ;■  y  lllow  oil;  (2)  Methyl  dilodooisiue  and  methyl  iodide  are  permitted  to 
react  in  alcohol  concentrated  aqueous  caustic  soda  solution  oyer  night,  solvent  is  distilled  off,  the 
residue  is  acidified  with  HO  ami  y'liirutid  SO? ;  (3)  Cacodyl  chlorlda  is  gradually  added  to  a  aoli£lon 
of  sodium  iodide  in  dry  crion-  ind  the  rcuilliug  solution  ye  mi  itted  to  Stand  for  several  hours  in  a 
CO2  atmosphere,  f'i*5'  nd  «l*s* ill  off  acetone  from  filtrate,  take  reildue  up  with  ether,  remove  the 
solvent  from  the  extract  by  distillation  end  rectify  residue  In  COj  atmosphere  (176) • 

SolubUityi 

1-  H20(176)js.  organic  solvent  (103). 

Flammability! 

Spontaneously  flammable  (227). 


Formula! 

(CH.^Asl 


13/ 


DIMETHYL  ARSINE 


Mol.  Wt  -t 
105.99 

d./sp.  qr.l 

1.2  1  329  (79) 


Toxlcltyi 
High  (195). 

Svnthcrin 

Add  concentrated  HC1  slowly  to  a  round  bottom  flask  containing  zinc  duit,  cacodyl  oxide  and 
alcohol.  Hie  generator  ia  joined  in  lerief  with  an  H2O  wath  battle,  a  U-tube  filled  with  soda  lime, 
a  bulk  condenser  {or  dimethyl  a  nine  aurrounded  with  Ice  and  salt  and  2  wadi  bottles  (H2SO4  and 
HNOj).  [(CHjJjAsJjO  +  H2  -4  (CH3)2As.As(CH3)2  +H20|  (CH3)2Ai.As(CH3)2  +  H2  -»  2(CH3)2AsH 

Solubility! 

a.  organic  solvent  (226)|  CO  alcohol,  ether,  chloroform,  carbon  disulfide,  acetic  acid  (79). 
Flammability! 

Spontaneously  flammable  (226). 


Formula! 

(CH3)2ArH 

Characteristics!  V.  P.l 

Liquid  -  colorleaa  (226)  1.21320  (226) 

1.21025 

B.P.i 

35. 6-37. 0*C  (226) 


CACODYL  CYANIDE 


Mol.  Wt.i 

Formulas 

131.01 

(0*3)2  A*  CN 

M>  P.l 

Character  latlcn 

B.P.i 

33*C  (79) 

Powder  -  lustrous 
colorless  (79) 

H0*C  (79) 

Toxlcltyi 

High  (with* alight  amount  in  air)|  on  inhalation  causes  numbness  of  extremities,  giddiness,  stupor  and 
unconscioumess  (no  prolonged  after  effects)  (176). 

Synthesis! 

(1)  [(CH3)2Asj^O  +  2HCN  fU***!,;  2(CH3)2AsCN  4  HjO  (contaminant  of  [(CH^As^O  hard  to 
remove)  (176) 

(2)  [(CHji2AsfeO  +  Hg(CN)2  -»  2(CH3)2AsCN  +  Hg(176) 

(3)  [(CHj^As^O  4  (dry  with  5  times  calculated  amount)  HCN  A  , — -4  (CH^AsCN  (use  C02 

current  to  remove  excess  HCN)  (176)  **“*“ tube 


Solubility! 

si.  s.  cold  H20|  s.  alcohol,  ether  (79) 
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Thermodynamic  properties 

heat  of  combujtiom  5510. 2 -5576. 4  col/g 

enthalpy  of  combiutloni  664.6  ±1.2  kcal/mal 

enthalpy  of  fonnatloaa  (liq)  3.5  kcal/molt  (gat)  10.6  heal/mol 

heat  of  vaporization*  6600  col/mol  (103) 

Flammabllltyt 

Flame*  tpontaneouily  In  air  (143) 


(114) 


DIETHYL  ARSINE 


Mol.  Wt.r 
134.05 

d./tp.  qr.  i 
1.338$4  (226) 


Form  ul  or 
(C2Hs)AtH 


Characteristic** 
liquid  -  colorlett  (226) 


Dr 

1.4709 


(226) 


Solubility! 
t.  H20  (226) 

Flammabllltyt 

$  poo  tone  out!  y  flammable  (226) 


B.P. 

105 


96. 5  -97  l226) 


DIMETHYL  AJLLYL  ARSINE 

Mol.  Wt.i  Formula* 

87.93  CH2="CH-CH2-Ai-(CHj)2 

Characl^rUtlcB  B-P.i 

liquid  -  pole  yellow  (176).  10B-110*C  (52) 

From  dimethyl  arsine  and  ally!  iodide  (176). 

Unique  condition*,  reaction  nroducttr 

With  bromine  in  ether  talution  yield*  the  com* ponding  anine  dibramide  (176). 
Flammability* 

Ignites  la  air  and  on  filter  paper  (52) 


ARSENIC  TRIETHYL 


Mol.  Wt.  i  Fonnula*  Svnonvraw 

162. 11  AftCjHi;)^  Triethyl  arsine 
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ri  i  »rr  »*  • 

Cu«;«CwuiliuCM 

VeF.i 

1. 15020(103) 

liquid  -  colorless  (103) 

1S36. 5  -  37  (f03) 

B.P.i 

1407*6  (il.d. )  (103) 

*20 

-=-  (103) 

1. 4751 

V.d.i 

5. 59  (195) 

n2S 

Si.  (103) 

1.4670  1  ' 

Surface  tensions 

25.2  dynes/cra  (at  20*Q  (103) 

Toxicity! 
High  (19S) 


Synthetic 

(i)  react  anenlc  trichloride  with  line  diethyl)  (2)  distill  tetraethylarsenium  Iodide  (or  ita  double  salt) 
and  (C2H^)^AiI- A1I3  with  aolld  caustic  potash  (176). 

Solubility! 

i.  H2O|o0  alcohol  ether  (103) 

Thermodynamic  properties! 
heat  of  combustion!  7129  *  13  cal/g 
enthalpy  of  combustion!  1158-2  l  2.0  kcal/mot 
enthalpy  of  formations  (gas)  13.4  hcal/mol)  (Ilq)  3.  1  kcal/mol 

Flammability! 

Spontaneously  flammable  in  air  (143). 


j  on) 


CACODYL 


Mol.  Wt.i 

Formula! 

Svnonymss 

209.94 

(CH  3)2  A!As(  CH^ 

T strain  ethyi  dia  rains 
Disrsenic  tetram  ethyl 

M.P.i 

Characteristics! 

Dimethylerslne 

-5"C  (79) 

Liquid  -  oily  yellow  (79) 

Dicacodyl 

Tetram  ethyldUrsyl 

d./ip.  qr.l 

B.P.i 

1.4471S  (79) 

Toxicity! 

163760  (79) 

Very  high  (195). 


Svntfaetlu 

(1)  heat  cacodyl  chloride  with  ainc  at  90-JOG’ C  in  CCj  atmosphere 

(2)  reduce  cacodylic  acid  and  HC1  solution  with  hypophosphorus  acid 

(3)  reduce  cacodylic  acid  and  3NH2sO^  solution  by  electrolytic  means 


j(176) 


Unique  conditions,  reaction  cropcitlesi 

If  heated  to  decomposition  emits  arsenic  fumes  (195))  flamer  spontaneously  1st  chlorine  (176) 
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hmlttop  temperature. 

rittau  pulnil  ^  jCv‘r  (27) 

Solubility! 

i.  alcohol,  ether  (69). 

Flammability! 

Spontaneously  flammable  In  dry  air  \tt}) 


CACODYL  DIOXIDE 

Formula! 

KCH.OjA*]^ 


Characfrllticn 
Liquid  (195) 


Handling 

Decompose!  with  heat  to  yield  anenlc  lumei  (195). 
Flammability! 

Spontaneously  flammable  (195). 


CACODYL  SULFIDE 


Fonnulai  Svnonynm 

((CH^jAsJjS  Tetr  am  ethyl  diarslntblane 

Biadimethylardne  lulilde 

Chtractetlaaca  Dlcacodyl  mlflda 

Liquid  -  oily  (79) 

B.P.l 

211*0  (79) 


(1)  Pm  H2S  through  a  concentrated  alcoholic  solution  of  cacodylic  acid;  (2)  Dlitill  cacodyl  chloride 
with  boron  hydioeulflde]  (3)  Heat  2  molei  dimethyl  artise  with  lea  than  1  male  «ullur  in  a  sealed  tube 
and  allots  to  stand  2-3  days  (176). 

Unique  conditions,  w  action  products! 

If  heated  to  decomposition  lit  emits  toxic  anenlc  and  nilfur  fumes  (195). 

Solubility! 

si.  s.  H2OJ  s.  alcohol,  ether  (79) 

FlammablUtyt 

Ignites  spontaneously  in  air  (195). 


Mcl.  Wt.i 
262.05 

M.P.i 

<  -60*C  (195) 


Syat.erln 


TETRAMETHYL  DIARSINE 

Mol.  Wt-t  Formula! 

266.07  (C2HS)2As2(C2H5)2 


162 


»■  ’  .1 


1.223,7  (226) 


Liquid  (226) 
n25 

l^flg  i22*> 


iB5*-l#tf  C  (22':) 


Synthesis) 

Mix  sodium  srsenide  with  four  to  five  times  its  weight  of  quarts  sand  and  reflux  with  ethyl  iodide  in  an 
atmosphere  of  CO%,  let  the  reaction  finish  and  cool)  extract  with  ether  in  OO2  atmoephere  and  mix  ex¬ 
tract  with  absolute  alcohol  (176). 


Solubilltyt 

1.  H-,0|  >.  alcohol,  ether  (226) 
Flammability) 

Spontaneously  flammable  (226). 


PHENYL  CACCDYL 


Mol.  Wt.i 

Formula) 

Synonyms 

458 

(C^T5)2AvA%{C^is)2 

Tetra  phenyl  diaisine 

M^Pj 

Character  isticst 

200  (103) 

Crystal  (103) 

Synthesis) 

(1)  Reflux  alcoholic  diphenyl  undue  oxide  with  an  excess  of  phosphorous  add)  (2)  Heat  alcoholic 
diphenylarsenic  acid  with  a  large  excess  of  some  reducing  agent  in  a  sealed  tube  foe  10  hours  at  100*C) 
(3)  Stir  dlphenylchloroaxsine  with  phosphate  ux  acid  at  100*C  (176). 

Solubllltyi 

s.  ethanol)  si.  s.  ethanone  (103) 

FlammablUtv» 

Spontaneously  flammable  (SO). 


ETHYL  BORON  DICHLORIDE 

B-P.l 

7®e\sm) 

Syntheses 

Heat  triethylbucine  and  boron  trichloride  for  4  hours  at  200*C  (294); 

(C2H5)3B  +  BCI3  -a  C2H5BCl2  +  l^H^BCl  (206-207) 

Military  and  Industrial  users 
Preparation  of  bcrazoles  (206-207) 

Flammability) 

Spontaneously  flammable  (204). 


Mol.  Wt.t  Fcrmular 

110.71  CjHjBOj 
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TRIMETHYL  BORON 


M«l.  wi.«  Fomiul-! 

SS.92  B(CH3)3 


M.P.t 

.153161.5  (226) 


Charactariglcn 

Cu  -  colorless  (79) 


CvnnnvwM 

Trim  ethyl  borine 
Boron  trimethyl 
Boron  methyl 


fl./ap.  <g. I 


.63  -ICO 
1.9108 


(226) 


B.P.l 

-20*C  (226) 


V.P.t 


80- 30 


32  SO 


(226) 


Synthetic 

A  grlgnerd  reaction  of  (Mg  +  n -butyl  ether  +  CHjBr)  taker  6  hourt  for  completion  In  an  oxygen  free 
nitrogen  atmoephere,  bubble  nttmgen  through  the  subsequent  reaction,  add  BF3  dropwlee  at  -78*C, 
warm  to  70*C,  In  2  hours  the  product  condeneei  in  cold  trape-  Purify  product  by  high  vacuum  distillation 
at  78*C.  Trap  In  receiver  at  -124*C  or  lubetltute  ethyl  ether  far  n -butyl  ether  end  add  BFj  In  form  of 
diethyl  etherete  or  bubble  into  grignard  solution  at  a  gar.  Keep  H2S04  present  between  tbe  condenser 
end  the  trape  to  absorb  any  ether  present  In  product  ges  (80). 

Solubility! 

s.  organic  eolventi  d.  air  (226) 

Tbesmodvnemlc  propertien 

haat  of  vaporization!  5. 7  kcal/tnol  (226) 

baat  of  combunknu  23,000  Btu/l'o  (226) 

FlammabUltvs 

Spontaneously  flammable  (226). 


BUTYL  BCR  ON  DICHLORIDE 

Mol.  Wt.r  Formula! 

138.84  C4HjBa2 

Characterlatlcn  B.P.l 

Liquid  (103)  3ll°  (204) 

88  (103) 

Svntfaeelei 

Huat  14  moles  of  tributylberine  foe  20  houn  at  200*  C  with  .  31  moles  of  borlne  trichloride  (204) 
(n-C4Hg)3B+2Ba3  -♦  3C4HgBa,  (208). 

Solubllityi 

s.  organic  *olveat|  d.  H20  (103) 

Flammabllltvr 

Spontaneously  flammable  (204). 
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f  NOT  RwrjxOuUuiiJLJU 


W1H.  BORUCif  DOT-UOMDE 

Mat.  Wt.t  /orrauia*  B- P» l 

10S.84  C4Hj»K2  35*®*  (204) 

Synthetla 

Heat  triliutylb  urine  iai(  boron  '  afluo.-iti".  foe  24  hour*  *t  200? C  and  20  hour*  at  20S*C  (204). 

Unique  conditions.  tgacHcn  )j> oJ«££i* 

Not  lyrophorlc  but  fumfe-  strongly  in  air  (204). 


UXLIH  ,K  EOfiON  CHLORIDE 


Mol.  Wt. » 

*  'nf?  ’> 

Syvonyir.n 

104.40 

ra'w-' 

JOiathy  lchl  otoborine 

J4.  I>.  t 

B.P.r 

-34. 6  C  ( 103) 

25100  (103) 

Synth*  (Jw 

Hevt  tjricthyil...-)  >j. .  . 

-  '  *•  1 

(204)) 

2(c2h5)3b  +  ua3  ->  <  fc».y*'  it  *  /  p»v, 

Solubllltyt 

a.  organic  solvent  j,  n.,f)  <  itf?) 

Thermodynamic  pro i ;« rt?  uv 

heat  of  vajxnlration:  7.9  J*c»1/.t-voI  (1C3) 

Hamniabfl  1 1  y  s 

Spontaneoucly  finmn:.!  ;■  ’ ?  {?'•  V  . 


f.lul.  Wt.» 
132.45 


M.P.i 

125*  C  (7.  6) 

iiZ»Ei..a£ii 

.  U4850  (226) 

Solubility  I 

■.  organic  solvonM  (,’.2fi) 


lUPRM'Tr-  a;’  W.OBOfUNE 


*'orjL  U  1  3- 

(CVvtoH'  :> 


Ivyer-  ' -  '  W  •«£  B.P.r 

Mu'u«d  -  (22S)  127*C  (226 


Flammabi  It*,  it 

Spontaneous y  Hummable  f  '  M. 


145 


TRIETHYL  BOR  WE 


Mol.  Wt.i 

Formula! 

Synonym  tt 

96.00 

*(C2H5)j 

Boron  trie  thy' 
Trlethyl  boron 

M.P.i 

Characteristica 

Boron  ethyl 

-93*C  (226) 

Liquid  -  color  leu  (226) 

V.P.i 

d^Wmy 
•  W620  (226) 

a20 

Di  (226) 

TTMS 

12.5°  (226) 

B.P.I 

yiscaaityi 

trc‘(226) 

.  30  (et  77"F)  (237) 

Synthetia 

Add  an  n-bvjtyl  ether  solution  of  BF3  dropwite  to  a  solution  of  CzHjMgBr  la  n -butyl  ether,  after  the 
rr action  it  completed  the  product  it  dittilled  at  95* C  under  Kj  (10). 

Unique  conditions,  reaction  productn 

Emit*  toxic  fumes  when  heated  to  decom position  (135). 

Solubility! 

1,  organic  solvents)  d.  air  (27.6). 

Therm  odynarr.ic  trope  rtlea 

beat  of  cotnbuttlaai  21,900  Btu/lb  (226). 

Military  and  industrial  users 

Igniter  far  rocket  fuels  (186))  igniter  for  capsule  flame  thrower  (99). 
flammability! 

Ignites  spontaneously  at  partial  yretsurei  below  1  mm  at  0*C  (226)1  spontaneously  flammable  in 
air  (237). 

DIBUTYL  BORGN  CHLORIDE 


Mol.  Wt.i 

leo. rc 


Formula! 

(C^H^Cl 


Synonyms! 

Dibutyl  chloroborine 


Character  Utica  B.P.t 

Liquid  -  color Ua  (103)  5410  (210) 


Synthesis! 

Redistribution  at  2  moles  of  tributylborina  with  One  mole  of  boron  trichloride  (210). 
SoIutUttys 

t.  oogenic  solvent*  d.  HjO  (103) 

Thermodynamic  trope rtisn 

beat  at  formation  (got)!  -98. 1  1  2  keal/mol  (714) 
heat  of  formation  (liq)»  -110  t  1. 6  keal/mol  (714) 
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Military  tad  InHiutrial  ugg 
Uaed  la  preparation  o i  itvaftl  bcrlaatei  (210). 


Flammability? 

Spanlaaeoualy  flammable  (210). 


t. 

\ 

[ 

t 

\ 

| 


Mol.  Wt.» 

140.1 

M.P.i 

-52. S*C  (103) 

a-/«p-  g»-» 

■  725(195) 

Solubility? 

1-  H2Oj  f.  ether  (195) 

Flammability? 

SponUneoudy  flammable 


TRIPROPYL  BORON 

Formula? 

(CiH7)3B 

Characteriatica 
Liquid  -  colorlen  (195) 

n22.8 

_Sl_  (79) 

1.4135 


(247), 


fcltJL 
15720  (£95) 


Mol.  Wt.i 
144.02 


PHENYL  CYCLOTETRAMETHYUNl  BC9UNE 
Formula? 


Characteriatlcti  y,y.t 

Liquid  -  colorlett  (226)  1  £65-67  (226) 


Solubility? 

i.  organic  aolyentj  d.  air  (226) 


Flammability? 

SfMntaneouily  flammable  (226). 


TRl-a-BUTYlBORANE 


Mol.  Wt.i 
162. 16 

M.P.? 


-34*C  (190) 

<*•/« p-  sr  » 

.7472S  (190) 


Formula? 

(C^JsB 

B.P.i 

170222  (190) 


174285 


V.P.i 
-'lM  (190) 
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jfaaltlon  temperature! 
flub  potato  >82*7  (ISO) 


Salability! 

li  HjO/  i.  meat  organic  eolveau  (180) 


HwIIIm 

St4**t  tranter  otunUu  inert  atmoap beta  (dry  nitrogen 

•oan  temperature  (180) 


or  upon)  rtare  la  dry  ventilated  toon 


at 


Tbapmodyuawic  gfopartien 

haat  of  vaporixation  (at  2S*C)i  2110  *  10  kcal/mol 
baat  of  foanatloa  (at  25*C)  (llq>  -94koal/mol 
bnt  at  fomattoa  (at  25'C)  (g*a>  -81  kcal/mal 

flammability! 

Rapid  oxidation  la  alri  will  Ignite  ipontane^uxly  u  iprcad  over  a  large  area  (101). 


(METHYL  SflLY)  AMINO  O0OKANE 


Mol-  Wt.i  Pcamulai 

M‘fil  (^HjJNJCH^KSIHj) 

— •  1  Characterlxtlcu 

-».0*C  (226)  Liquid  -  cciorlea  (226) 

SolabUltvi 

*•  organic  aolveati|  d.  HjO,  air  (226) 

Tharmodyaamlc  nrouartleu 

beat  of  vaporlaallon  (at  60*C)i  7716  cal/mol  (226) 

nanmcblUtvi 

Spoatanaoualy  flammable  (226). 


51*C  (226) 

V.P.i 
82°  (226) 


D  JMmfiXAMINOCHLORCX)  NORANI 

jfe*-.  Formula! 

105,11  (CHsteNBgHia 


Character  Utica 
Liquid  (10  ) 


Svatfaaria 

a -methyl  darlvatlva  of  BjHyN  (29) 


ft.-, 

aj*  (»03) 

16 
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Solubility! 

i.  organic  lolventt  d.  HjO,  air  (103) 


Flammability! 

Spontmneouily  flammable  (29) 


1, 1,  Z -TRIMETHYL  DdORANE 


Mol.  Wt.i  F annular 

69. 75  B2H3(CH3)j 

((CHjJjBMHztCHj)] 

M.P.r 

-123TC  (75)  CheracterUttcu 

Liquid  -  colcrleee  (79) 

Solubility! 

i.  organic  rolveati  d.  air  (103) 

Thapnodvnamte  pcopertien 

heat  of  cambiatfeM  24, 000  Btn/lb  (202) 

heat  of  vaporization!  7.0  kcal/mal  (103) 


feta 

45.5*C  (79) 


Flenun  ability! 

Spontaneoudy  flammable  (202). 

TETRAMTTHYL  DSCRANE 


Formula! 

(See  page*  111-112) 

TRIETHYL  OBORANE 

Mol.  Wt.i  Formula! 

111.82  (CjHsJjBjHj 

Characterieticn  V.F.I 

Liquid  -  coiarlan  (226)  4®  (226) 

SolubUttvi 

t.  organic  wlvenbr  (226) 


FI  anun  ability! 

Spontaneoudy  flammable  (226) 


Mol.  Wt.i 
166.92 


H -METHYL  N,  N-6IS(DIETHYUGRINIC)IMDE 


Firmular 

((CgHs^teNCHj 


B.P.! 

46*2-6  (209) 


t 

4 

?/ 

i 


i 


CharaotariatlcM 
Liquid  (209) 
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Syatheilu 

Diethylbocon  chloride  react*  with  1  mole  monomethylamine  utdng  triethylamine  in  excel*  at  an 
HO  acceptor  (20S)|  +  CHjNl^  +  (CjHs)^  ->  ((CjHgJjBJjNOlj  +  (C^JjNHCl  (209) 

Flammability! 

Spontaneoudy  flammable  (205). 


Mol.  Wt.i 
310. 14 

d./tp.  gr.  i 

.  KM2'  (226) 


TETRABUTYl  DBOIUNYL  OXYE THANE 


Formula! 

(C^Hg^BOGHjO^O^C^H,^ 

ttjnctojjgea 
Liquid  -  color  leu  (226) 

rP 

Pi  (226) 

1.4343 


„25 

Pi  (226) 
1.4323 


V.P.i 

10168-169  (  p26) 
1133-134  l 


Flammabllltvi 

Spontaneoudy  flammable  (226). 


TR1CHLOROTRDAETHYLBORAZOLE 

Mol.  We.  i 
225.96 

M.F.i 
150’C  (210) 

Svnthedn 

Reaction  of  methylamine -boron  trichloride  complex  with  triethylamine  in  toluene 'give*  .bout 
SON  trie  Jcrotrim ethylboraiola  (210). 

Unique  condition*,  reaction  product* 

React*  violently  with  water  (not  pyrophoric)  (210). 


F  ormolu  Synonym  »» 

B3N3C1j(CH3)3  NNW-Trlmethyltrichlorocyl- 

triborazlne 

Characteri*tlc*i 
Cryatal  -  calorie**  (210) 


HEF-2  (ALKYLATED  PENTABORANE) 

Mol.  Wt.i  Formula!  Synonym* 

91. 12  C2H5R5H6  Ethyl  pentaborane 

Toxicity! 

Highly  toxic  on  inhalation,  lngcitlco,  and  ddn  or  eye  contact  (14 7). 
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Solubility! 

i.  organic  (olyvati  (226) 


Flammability! 

Spaataueoualy  flammable  (27). 


Mol-  Wt.« 
Ml* 


M-P.i 

-9.5*C(103) 


OQSOnCPYtURYlXJUM 

Formula* 

B.(C3H7)2 

Obgacterietlcg  t.f.i 

Liquid  -  colerlM*  (103)  d.  flO*Q 

(ertrapoUt**$280,C  (103) 


Unlnue  cpoditlom.  reaction  prodnetw 

Famet  am  expo mn  to  alt  bat  deer  aat  catch  Un,  wjiImIm  nicUoi  with  H^O  (42). 
Solubility! 

d.  air,  HjO)  a.  organic  lolventa  (103). 


BISMUTH  ETHYL  CHLORIDE 

Mol.  WM  Formula!  Chaiacterirtica 

274.5  BlHCjHgCl  Powder  (195) 

Plemmebilltvi 

Spcatumidy  flammable  (195). 


Mol.  Wt.i 
254.10 

2. 300l*(19S) 

Toxicity! 

(1)  high  (eamea  wutcodr  and  CN 
oegaalc  load  compound*  (195). 


TRIMETHYL  BISMUTH 
Formula! 

Characterlrtlci 
Liquid  -  col  or  lor*  (195) 

depreiaion))  prolonged  axponxc 


Synonym* 

Trimethylblimuthliie 

B.P.! 

U0*C  (195) 


encephalopathy  dmllar  to 


Unique  condition*.  reaction  product* 

Reaction*  of  methyl  magnodimi  iodide  and  blwnuth  chloride  (38). 


TVrfttodyp'tr  rrnr*'*(‘*“ 

heat  ol  fotmadcu  (lllq)  +37. 5  heal/mai  'j 

heat  of  fonudoo  (gat)  +45.  B  heal/mol  |  (114) 

beat  ol  viporliatlODi  696.0  ±  1. 7  heal/mol  1 


f 


Flammability! 

SpsstsiSmS ssly  MwawiwM  (wj* 


jJIETHYL IXSMUTH  CHLOKJDl 

Mol.  Wt. »  Formula! 

302.47  (CjHsJjiia 

Synth*  riJI 

Fran  athylatloa  at  blaaauth  chlerld*  with  tetmatfcyl  lud  (3IJ. 
Flam  nubility! 

SpantuMondy  flnawUi  (9t). 


TKJVTNYL  BISMUTH 


Mol-  Wt.i  Formula!  B.F-i 

290.14  (CH^CHJjBl  154. I722  (242) 

Solubility! 

*.  organic  aolvaatti  1.  HjO  (242) 

FlarauaMlitvr 

SpntMogdy  flammable  (242). 


Mol.  Wt.i 
254.09 


MP.i 
107*C  (52) 

d./n>.  or.t 
2.3Q01*  (79) 


TJUETHYl  BISMUTH 

FcramUi 

»i(C2Hg)3 

QumacUrlitlcw  V.F.r 

liquid  (79)  (axputaaatal)  7* 107  (193) 

b.f.i 

110*C  (79) 


Solubility! 

i,  alcohol,  athen  *•  H2O  (79) 


Thermodynamic  gagrtw 

heat  of  vaporization!  1135. 8  a  2. 1  koal/mol 

boat  of  formation  (liq)  40. 1  keal/mol  V  (114) 

boat  of  form  ttion  (gaa)  51. 1  keal/mol  J 

Flammability! 

SpoaUMoudy  flammab  •  (52). 


i 
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DIMETHYL  CADMPJM 


Mol.  Wt.i 
142.  S 

M.P.l 

-2. 5*C  (226) 

d./ip.  gr.t 
1.9846™  *  (234) 


Form  it]  «i 
(CHjhCri 


Chatacterirticii 
Liquid  -  cotoUtU  (224) 


1.5449 


(224) 


B.P.I 

105. 5*C  (226) 

Atomic  retraction* 
12.61  (226) 


Mgjdytyi 

d.  HjO|  i.  organic  solvent*  (226) 

Thannodvnamlc  rrourdaa 

hut  of  cambuationi  3330  *  20  cal/g  (114) 
heat  af  fuiiotu  9153  cal/mol  at  18*C  (226) 
enthalpy  of  combiudom  475. 7  ±  2.C  kcal/mol  (114) 

of  fomatloM  (Uq)  18.9  kc»l/nool|  (gar)  27.fi  fccal/ma*  (114) 


Flammability, 

Spentaneoudy  flammable  (226). 


DIETHYL  CADMUM 


Mol.  Wt.i  Formula 

170.3  (C^Hj^Cd 


M.P.l 

-arc  (79) 

4dSBi..a£:J 

1.6562  (79) 


SvnthariM 


Chart  c  tarl  itl  cm 
Liquid  -  oil  (79) 

B.P.I 
64*C  (79) 


XiL 

19. 5M 

„18 

Dl 

1.5680 


(103) 

(103) 


CjHs*  +Mg  ->  CjHgMgBtj  ECjHjMgB r  +  CdD*2  ->  Cd^H^  +  2MgB»2  (80) 


Uni  qua  condition*.  motion  product* 

Fumaa  explodvely  in  all,  wiUta  and  than  brown  cloud*  appaa t  with  detonation  (80). 


SolubHityi 

d.  H20  (79)}  i.  organic  Mirant*  (103) 


Thaanodyaamic  mopeitle* 

haat  of  combwtiou  4681  a  5  cal/g 

anthaipy  of  co«nbu*tioo*  800.0  t  .8  hcal/mol 

enthalpy  of  fomatloai  (Uq)  21.6}  (gai)  31.0  hcal/mol 


Military  and  lnduatrial  uaan 

TEL  productl on}  rynthaiis  p'  ka tonal  from  acid  chloride*  (190). 
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CC6ALT0US  RESIKATE 


Mol-  Wt.t  PonnuUi  Svuouyiati 

1348  81  (195)  Co(C^4H«204)2  Cobalt  nblev-ite 

ChxiACteriJtlcr 
powder  -  red  brows  (195) 

Sypthurin 

(1)  (crude)  flit*  rods  with  j  cubaltou*  compound 

(2)  mix  (odium  rednatt  and  •  cobalt  *alt  Is  an  aquaoiu  edutloa  (214) 

SohibiUtyi 
1.  1^0  (195) 

Military  and  lndintrial  uwx 
Drier  in  protective  coating*  (214) 

Flammability*. 

Spcutaneoudy  flammable  (195). 


METHYL  COPPER 


Mol.Wt.i  Form  til  el 

78.58  CH3Cu 

CharacterUticn 
Ga«  (226) 

Syntheriw 

Mix  methyl  lithium  and  cuprou*  iodide  at  -15’C.  yellow'  *olld  separate!  which  decompoee*  in  boilim; 
ether  to  yield  a  formation  of  metallic  copper,  methane,  and  etheue  appearing  to  be  methyl  copper 
(<0). 

Solubility! 

1.  ether  (226) 

Flammebllltyi 

Explode*  violently  when  allowed  to  dry  In  elr  (40). 


i? 
■i 
1 1 


I 

$ 


YU  METHYL  GALUUM 

B.P.i 

55.  7*C  (226) 


M.P.i  Cha  racier  litlcn 

-15. 6* C  (226)  Liquid  calorie**  (226) 

d./ip,  gr.i 

1. 151  t  .OtHlS  (120) 


Mol.  Wt.i  Formula! 

114.82  Ca(CHj)3 
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Xii 

64.90  (?t6f 


US'*** ■  4i."3hMui  .i- 


Syntheain 

2G«  +  3Hg(CH3)2  -»  20^3)3  +  (*>) 

Solubility! 

d>  HjOf  1.  ether,  ammonia  (226). 

Thermodynamic  gngajjg 

Hant  of  formation!  17. 6  teal/mol  (120) 

mean  heat  of  cctnburtion  (Ca(CH3)3  (Uq)  +  COa  -t  Ga2Q3  (ciyital)  +  3COj  +  4^,0  (Uq*, 

6089. 3  cal/s  (with  mean  deviation  of  .24*  0*  701.0  teal/mol  at  2S*C  and  conatant  {.eawre,  rtatit- 
tical  uncertainty  la  i  1 . 7  teal/ mol)  (120). 

Flammability! 

Spontaneoualy  flammable  (226). 


Mol.  Wt.i 
156.91 

M.1.1 

-82. 3*  C  (52) 

li/aet-gj 

1.0576**  (79) 

Solubility! 

d.  cold  H2Oj  I.  ether  (79) 


TRBTHYt  GALLIUM 
Formulas 

Character  1*1  cn 

liquid  -  col  or  let!  (79) 

B-F.l 

142. 6*  C  (52) 


Flammability! 

Ignite!  In  air  with  purple  flame  and  brown  Bn  eke  (52). 


TETRAMETHYl  01GALUNE 

Mol.  Wt.»  Formula! 

199,58  (CH3)2G*Ga(ai3)j 

Chtracterirtica 
liquid  -  cOiorleM  (226) 

Flammability! 

Spontaneoualy  flammable  (226). 


B.P.t 

172*C  (extrapolated)  (226) 


V.P.i 


5001**  (with  d.) 


(226) 


Mol.  Wt.i 
159.93 


TRIM  ETHYL  INDIUM 

ESSBUiSL  Svnonvmai 

WCH3J3  Indium  methylate 


M.P.i 

88.4*C  (226) 


Characteristic!! 
Oyrtal  (226) 


d-V«P-  9t.l 
1-56810  (226) 


B.P.t 

135. 5* C  (225) 


V.?.! 
7.2m 
72 70 


(226) 


Solubility! 

(.  organic  polymeri)  d.  HaO,  sir  (226) 


TRIETHYL  INDIUM 

Form  ui  ir 

202.40  (C?H5)3ln 


M-P.a 
-32'C  (226) 


CharacUrlrtlcji 
liquid  -  colorless  (226) 


d. /rp.  or.  i 
1.53820  (226) 

Solubility! 
d.  H20,  airj  >.  organic  rolveaSi  (226) 

Flammability! 

Spontaneously  flammable  in  alt  (226). 


B.F.i 

144*C  (226) 


TRIPROFYL  B4DEIM 


Mol.  Vlt. ! 

244.10 

M.P.» 

-S1*C  (226) 

dZy«,l9£;» 

1.50120  (226) 

Solubility! 

I.  organic  solvents!  d.  HjO, 


Formula! 

(C3H7)3ln 

Characteristic  ■ 
liquid  -  colorleei  (226) 

B.F.i 

178*C  (226) 


air  (226) 


Flammability! 

Spontaneously  flammable  (226). 


i 

1 

i 


? 


POTASSIUM  NITROMETHANE 

Mol.  Wt.  i  Formula! 

W-20  KCHjNOj 
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fa 


t 


I 

V 

! 

i 


< 

i 


Unique  condition!,  reaction  teoductn 

NiafX  ulti  of  nitron  ethane  exploded  when  dry  tall  wet  mulrfeneJ  with  &  little  II20  ( 14J). 


Mol.Wt.i 
276. 13  (103) 


Flammability! 

Spontanaooaly  flammable  (103). 


METHYX  LITHIUM 

Mol.  Wt.i  Formula! 

21.96  CHjU 

Chari  ctcrliPlcn 
Solid  (226) 

Syntherfn 

React  lithium  metal  and  methyl  chloride  In  anhydrous  etuar  or  dimethyl  mercury  with  ethyl 
lithium  (jam  product)  imCjHs  +  H^CH^  -»  21101;.  +  HglCjH^]  (184). 

Flammability! 

Spcctaneoualy  flammable  (226). 


TETRAACETZKYt  NICKEL  TETAAPOTASSDM 

Formula! 

^0^0=01)4) 

Character  Utica 
Red  (103) 


i 

! 

■  Mol.  Wt.l 

j  36-00 

i 

M.P.t 

j  9S*C  (103) 


ETHYL  UTHUM 


Form  ul  at 
UC2HS 


SjfJ, 

U'A.’  -  s  ethyl 


ChaiactarUtic*  y.P.i 

Tablet!  -  colorlttt  (103)  .00045^®  (103) 


rublimu  (103) 

Solubility! 

)•  oiyanic  iolvenU  (103) 

Flammability! 

Spantanacuely  flammable  (50). 


1SS 


N -TROTYL  LITHIUM 


Mol.  Wt  :  Formula! 

50.04  UCjHjr 

Characteristics!  V.P.t 

Liquid  -  colorless  (103)  .0005*’®  (103) 


flimmibllltyi 

Spontaneously  Uausvnable  (50). 


BUTYL  LITHIUM 


Mol.  Wt.i 
64.05 

M.P.i 

sublimes  at  SO’-IOO’C 
(In  vacuo) 

fl!r» 

.68  -  .70  (190) 

Toxicltyi 

CauatlcjbonM  with  skin  contact  (81). 

Syn  the  rial 

Reaction  of  finely  dispersed  Uthluni  metal  with  butyl  chloride  (138). 

Solubility* 

t.  organic  solution  (103) 

Thermodynamic  ECocsrtleo 

heat  of  sublimation  33  keal/mol  (103) 

dipole  moment!  .  970  (103) 

Military  and  Industrial  usee 

Used  u  iterso-regulator  for  polymerizations  to  complex  owgantc  compounds!  at  a  catalyst  for 
polyisoprene  rubber!  aad  at  r,  metalallng  agent  (133). 

Plammabllltyt 

Can  tpontaneouily  IgnlU  iaairlfl  20%  or  mot*  LIC4H9  aad  relative  humidity  over  70K|  conoea 
tratieni  above  25K  generally  pyrophoric  wider  any  range  cf  humidity  (138). 


Fonnular 

UC4»9 

Characterlsticji 

Liquid  -  colorless  (103) 

LIL? 

130*C  (79) 


y.p.t 

.00045*0 
.001 70 


(103) 


UTKUM  TETRAMETHYl BORATE 

Mol.  Wt- 1  Formular 

30.77  U(CH3UB 
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ijgtt«dg 

React  methyl  lithium  ami  uuu*iii>w>i«ut  in  «“>■»  *«»•  i™) 


Unique  condition,  reaction  product* 

Stable  in  very  dry  air  (48)* 

Solubllltyi 
i.  etber  (48). 

Flammabilityl 

May  igaite  I  pentane  oualy  in  molit  air  (48). 

PHENYL  UTHEJM 


Mol.  Wt.i  Formula 

84.00  C^HsLi 

Syntherin 

(1)  (CjHsMPb  +  4C<Hgli  -♦  (C^i^b  >  4C^HgU  <»**) 

(2)  (CfiHsJaSb  +  3C2HSL1 -♦  30^11  +  (C^H^Sb  (184) 

Flammabilityl 

Spontaneoudy  flammable  (SO). 


METHYLENE  DILITHIUM 

Mol.  Wt.i  Fotmulai 

27.91  UCHjLi 

Charactariatlcai 

Solid  -  brown  (228) 

Solubllltyi 

d.  HjO,  sir;  i.  alcohol  (226) 

Flammabilityl 

Spontaneoudy  flammable  in  air  (226). 


METHYLENE  MAGNESIUM 

Mol.  Wt.i  Foemulal 

38. 35  MgCH, 

CburactirUtlcB 

Solid  -  ruit  colored, 
amorphour  (226) 
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M.P.l 

d.  20U*C  (226) 


Charactarlitlcji 
Cryital  (226) 


Solubility! 
i.  ether  (226) 

Flammability! 

Spontaneaualy  flammable  (226). 


Mol.  Wt.i 
178. 5 

M.P-l 

d.  290*C  (132) 

Svnthcala 
Actloa  of  Mg  on  Kg(CfiHs)2  (132) 

Unique  condition*,  mactlon  Efoducta 
Violent  reaction  la  HjO  or  (team  (195). 

flammability! 

Spontaneoualy  flammable  In  molit  (not  dry)  air  (195). 


MAGNESIUM  DIPHENYL 

Formula! 

Mfl(  0^5)2 

Characterlatlcn 
Cryatali  -  feathery 


DIMETHYL  MANGANESE 

Mol.  Wt.i  Formula! 

84.96  [(CH^MnJn 

8vntfae«lH 

Mnlj  +  2CH3U  -4  [(CHjJjMnJn  (245) 

SolubUltyi 

1.  ether;  1.  excen  GH3LI  — >  UlMnfCH])}]  (245) 

Flammabllltvi 

Spontaneoualy  flammable  (245) 


Mol.  Wt.i 
185.13 


M.P.! 

172*  -  173*C  (226) 


BIS-CYCLOPENTADIENYL  MANGANESE 

Formula!  B.P.i 

Mn(C5H5)2  24S*C  (226) 

Characterlitlcn 
Cryatali  -  amber, 
paramagnetic  (226) 
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V.P.i 

(10-^-10-5)100-130  (226) 


React  •  odium  cyolopentadlenlde  with  anhydrous  manganese  dlbramide  in  tetreLydrafuran  or 
glycol  dimethyl  ether  at  reflux  t imperative  in  the  abeeace  of  oxygen  followed  by  the  removal  of  the 
lolvent  and  rubllmatlon  at  130*C  and  10-4  nun.  45N  yield  (184). 


Li  be  ratal  cyclopentadleae  and  Siangan  cm  dioxide  or  It*  (alt  an  reaction  with  HjO,  a<|neou«  baeei 
or  adds  (184). 


Solubility! 

il-  ■.  CSg,  CCI4  chloroform  (slow  reaction);  moderately  (.  benzene,  ether,  c,  lofaaxana; 
very  s.  pyridine,  tetrahydrofluoride  (184) 


heat  of  fusioni  6. 3  kcal/mol  y 

specific  conductivity*  1.4  x  lO'^KHj)  (at  -33*C)>(226). 
heat  of  vaporiaatlool  12.0  kcal/mol  I 

heat  of  sublimation!  17.  3  kcal/mol  ) 

Military  and  Industrial  uses! 

Used  In  gas  plating  of  heated  surfaces  In  a  vacuum  (92) 


Flammability! 

Spontaneously  flammable  (220). 


SODIUM  NTIRCMmiAME 


Mol.  Wt.i 
83.  3 


Formula! 

NaCHjNC^ 


Unique  conditions,  reaction  products! 

Na  or  K  salts  of  nitruna ethane  exploded  when  dry  salt  was  molstaned  with  n  Unit  HgO  (143). 


METHYL  SODXJM 


Mol.  Wt.i 
38.00 


Formula! 

CHjNs 


M.P.i 

200*C  (226) 


Charrctcflstlcn 
Solid  (226) 


Solubility! 

1.  organic;  d.  air,  H2O  (226) 


Flammability! 

Spontaneously  flammable  (226). 
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'«s6UUn>81r.i  -  iWiiiiKtoar: 


Mol'  Wt.i  Formula! 

S4.03  CH3ON1 

Cbaractarlatlc 

4.61Wg«I  (132)  Powder  -  * 

Solubility! 
d.  HjO  (132). 

Military  end  Industrial  ima 
Organic  lynfhesil  (132) 

flaromabllltvi 

S  pentane  oualy  flammable  In  mo  tit  air  (143). 


SODIUM  MJETliYLATE 

Formula! 

CH3CW1 

Chirac  tar  Utica 
Powder  -  white  (132). 


Mol,  ynt.t 
82.03 

M.P.i 

324*C  (195) 

d./«p,  «r.  1 
1.528  (195) 


SODflJM  ACETATE 

Forngjai 

CH3qO)ONa 

Charecterlatlca 

Cryital  -  white  (195) 

'791 


Solubility! 

*1.  *•  alcoholj  i.  HjO,  organic  polymery;  I.  organic  tolventi  (79) 

Military  anu  Induetrial  uiew 
Buffer  la  photography,  mordant  In  dyeing  (132). 

Flammability! 

Poealble  ipowtaneoua  flammability  in  motet  air  or  H2O  (27) 


Mol.  Wt.» 

52.06 

M.P.i 

Decora  poke  1  (226) 


ETHYL  SODIUM 


Formula! 

NaCjHg 


Cryital  -  white  (226) 


Solubility! 

d.  HjO,  alcohol,  ether,  atr|  1.  organic;  a.  diethyl  dne  (226) 


♦  .1 
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Flammability! 

Spontaneously  flammable  (226) 


BENZYL  SCDtM 
(Solid) 


Mol.  Wt.i 
114.06 


M.P.i 

Occam poeei  (184) 

Solubility! 
ether  (184) 


Formula! 

CflHg.  CHg-Na 


Character  Utica 

Powder  -  white  (152) 


Flammability! 

Spontaneouily  flammable  (50) 


METHYL  PKOSPHWX 

Mol.  Wt.i  Formula! 

48.03  CH^PHj 


B.P.i  Characteriitlci! 

25*C  (226)  Cai  -  ctvlorlai*  (103) 

Toxicity! 

Highly  toxic  oa  inhalation  (195). 


Unique  condition!,  reaction  crodnctn 

Form!  fairly  volatile  crystalline  ulb  with  HQ  and  HI  (231). 


Solubility! 

•i.  d.  HjO,  alcohol)  •.  ether  (103) 
Flammability! 

Spontaneouily  flammable  (95) 


Mol.  Wt.i 
62.05 


DIMETHYL  PHOSPHINE 


Formula!  V.P.l 

(CHj^PH  30-^  (226; 

Chirac  t«  rim  cn  B.P.i 

Liquid  -  color laii  (226)  25*C  (226) 


or.! 

<1  (195) 


2.14  (195) 


Tovlcltyi 

High  on  ingeition  and/ or  Inhalation  (19S) 
SohJjUtfl 

l.  organic  rolvaotaj  d,  air  (226) 
rUmmabUltio 

S  poo tameo  ualy  flammable  in  air  (195) 


Mol.  Wt.l 
76.08 

M.P.I 

-85.9*0(103) 
d./ip.  qt.l 

<1  (79) 

Toalcityi 

Vapon  of  burning  am  highly  toxic  (246) 

Svntharin 

Combine  PCij  and  CHjMgBr  and  di-n -butyl  ether, than  diatill  phoephine  quietly  from  the  mixture  in 
dry  N2  aimoaphara  fallowing  distillation  of  the  etharjmn  of  dry -oxygen -free  atmorphere  in  preparation 
U  a  Manual  (246) 

i.  HjO;  a.  ether  (79) 

Therm  odynamlc  mopgrtian 

heat  of  vaportaatioat  6-92  kcal/tr-ol  (103) 

heat  of  combuatloni  1004  all  cal/g  ) 

enthalpy  of  combuatiom  763.2  ±  kcal/mol  >  (114) 

enthalpy  of  fonnaUow (llq)  -30.  1  kcal/mol;  (gar)  -2J.2  kcal/mol J 

Flammahllltvi 

Burns  violently  in  the  air  (246). 


DIETHYL  PHOSPHINE 


Mol.  Wt.l 

Formulu 

B.P.i 

90.11 

(C2H5)2PH 

85*C  (195) 

d. /n>.  qr.i 

CharacterifdcM 

V.d.i 

<1  (195) 

Liquid  -  color  leu  (103) 

3.11  (195) 

Toxicltyt 

High  on  lug  nation  or  inhalation  (195) 


TRIMETHYL  PHOSPHINE 

Formula! 

P(CH3)3 

Character  lrUcat 

Liquid  «  color! eu  (79) 

B.P.i 

40*-42*C  (79) 
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Solubility! 

i.  orgauic  tolvcnta  (103) 


Liquid  -  colorleu  (79) 


48*C  (79) 


Solubility! 

i.  organic  polymeii)  1.  HjO  (103). 
FlammablUtyr 

Spontaneouzly  flammable  (79) 


TRIS-TR IFUJ  QROMETHYL  FHOSPHINE 


Mol.  Wt-> 
238.01  (223) 


Formula! 

(OW 


Characterlatlcw 

Liquid  -  colorleu  (226) 


B.P.t 

17.  3*C  (2?  ) 


Solubility! 

d.  HjOj  |.  organic  pclymerr  (226) 
Thermodynamic  propertisn 


heat  of  vaporization*  5890  cal/ mol  (226) 
Flammability* 

Spontaaeoualy  flammable  (79) 


TRIBUTYL  PHOSPHINE 


Mol.  Wt.l 
2G2.32 

F.P.i 

-eO*to-6S*C  (190) 


d./rp.  or.  i 

.8101^5(190) 


Formula* 

P(C4H9)3 

B.P.I 

24S*C  (190) 


»“ 

J*L  (190) 
1.4S88 


V.P.l 

SO12*  (103) 


Ignition  temperature* 

Oath  point*  40*C  j 

fire  points  43*C  j  (190) 

auP'l^ffttiois  temperaturer  260*C  J 

Solubility* 

Almoat  i.  H2O1  mifcible  with  ether,  methanol,  ethanol  and  benzine  (190) 


Military  and  lndmtri&l  men 

Fuel  additivej  epoxy  refin  curing  catalyst;  vinyl  and  ltocyanate  polymerlutlont  inorganic  Inter¬ 
mediate  (190) 
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Flammability! 

Spontaneouily  Qunmihlt  In  >b  (217) 


t,  1,  3-TRIETHYL  ETHOXY  DIPHOSPHINYi  OXDE 


Mol.  Wt.i 

218.20 

Formulai 

(CaHsfePOPiCzHsMOCjHs) 

V.P.l 

^T93  (J03) 

d./tp.  ar.i 

1.000422°  (103) 

Characteristic*! 

Liquid  -  colotleti  (103) 

J? 

"D»  (101) 

1.4868 

Solubility! 

s.  organic;  d.  H20;  air 

(103) 

Flammability! 

Spontaneourly  flammable  (103) 

ANTIMONY  TR1METHH, 

Mol.  Wt.i 

166.86 

Formulai 

(CK5)3Sh 

Svnoovmn 
Trimethyl  tdUae 

M.P.i 

-87. 6*C  (103) 

Characteristics! 

Liquid  (195) 

d./ap.  qr.i 

1.5231S  (79) 

B.P  « 

80.6*C  (79) 

Unique  cnodltlona,  reaction  product* 

React!  vigorously  with  oxidising  material  I  (195). 

Solubility! 

il.  i.  cold  and  hat  H_,Oj  «.  ether]  1.  alcohol  (79) 

Thermodynamic  propertia* 

heat  of  vaporisations  7. 82  kcal/moll 

heat  of  formatlani  -1.4  kcal/mol  S  (103) 

heat  of  combuatloDi  C98  kcal/mol  ) 

heat  of  combustion!  4172  ±  18  cal/g  ~) 

enthalpy  of  combustion!  893.0  ±  31  kcal/mol  ?  (114) 

enthalpy  of  formation!  (Uq)  -1.4  kcal/mol  j 

nammablUtvt 

Spontaneously  flammalle  in  air  (195) 


TKlMETHYt  ANTIMONY  SULFATE 

Mol.  Wt.i 
262.85 


Formulai 

(043)355504 
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KUmmibllltyi 

Spoutaneouily  flammable  In  air  (14). 


TRIVINYL  STBMNE 


Formula! 

(CH2iCH)3Sb 

Characterlitlcja  B.P.i 

Liquid  -  colorleu  (103)  149. 9™2  (103) 


i.  organic  aolventt  (241) 

Flam  m  ability! 

*!]inuUM  >»■»!]-  flammable  (241) 


Mol.  WM 
202.90 


Solubility! 


Mol.  Wt.« 
208.94 


M-P.t 

<  -29*C  (79) 

d./ip.  ar.« 
1.324**  (79) 


ANTIMONY  TRBETHYL 


Formula! 

SMC2H5)3 


Svmouvmn 
Triethyl  itlblae 


Charactcrirtlcn 
Liquid  (79) 


n*5 

-Sl.  m 

1.42 


6.P.! 

159. 5* C  (79) 


Solubility! 

1.  H20{  |.  nlcoool,  ether  (79) 

Thetmodynatnlc  yrope.rtlen 

heat  of  combujtloru  5SS2  t  6  cal/g 

enthalpy  of  ccanUutiom  1162.6  i  1.2  kcal/mol  r  (114) 

enthalpy  of  formation!  (llq)  2.  9  kcal/molt  (ga>)  13. 1  kcal/mol  J 

Flammability! 

Spontaaeouily  flammable  (195). 


TRIETHYL  ANTIMONY  SULFATE 

Mol.  Wt.t  Formula! 

304.66  SbfCjH^SO^ 

Flammability! 

Spontaaeouily  flammable  in  air  (14). 


PHHNYUfiMETHYL  ANTIMONY 
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METHYL  TKICHLOKO  SLLANfc 


Mol.  Wt.i  Formulai 

149.50  CH3S!C13 


M.P.i 

-77. 8*C  (103) 

d./ap.qr.l 
1-2  73«  (103) 


*3iaractcrlstlcn 
liquid  -  colorless  (acrid 
Oder)  (103) 

B.P.i 

66.4*C  (103) 


V.P.l 

10-27  (103) 
fiO1 

Vlacodtyt 

.  37  ct  (at  25*C)  (103) 


_25 

"p,  (103) 

1.415 

Unique  condition*,  reaction  products 

Evolves  white  fume i  with  moiat  alxj  violent  reaction  with  H2O  yield!  heat  and  white  acrid  fumes)  (54) 


Ignition  temperature! 
flub  point)  48'f 
aMtoIgnltloo  temperatues  410*C 

Solubility! 

s.  organic  iolvanti|  d.  H20,  alcohol  (103) 

Thermodynamic  uropcrtlen 
heat  of  vaporisations  84. 9  Btu/lb 
surface  tenficm!  20. 3  dyne  1/ cm 
specific  heats  .  22 
coefficient  of  expansion!  .0013 


VINYL  TRICHLORO  SILANE 


Mol.  Wt.i  Formulai 

161.51  SIC2H3CI3 


M.P.i 

-9S*C 


1.26425 

1.26520 


TjJ 

(103) 


Vlscocityfi 

.  SO  cs  (at  25*C)  (103) 


Cha  racier  IsticB 
Liquid  -  colorless 
(acrid  odor)  (103) 


B.P.i 

91*-93*C  (103) 


V.P.l 
10-11 
6023 
100 34 


1.432 


n20 

Pi 

1.4365 


|  (103) 

(103) 

(103) 


1  172 

t 

i 


» 


Unlaw  conditions.  reaction  product* 

Evolvei  white  fumes  with  moiit  air)  violent  reaction  with  H2O  (yield  heat  and  white  acrid 
fumea)(54). 

ignition  temperature! 
flash  pointi  70*F  (103) 


Solubllltvt 

1.  organic  solvents;  4-  HjO.  alcohol  (103) 


Thermodynamic  prone  itlee 
coefficient  of  expansions  .  0016/'C 
heat  of  vaporization!  S3  Btu/lb 
specific  heat*  .  20 


} 


(103) 


ETHYL  TR1CHLOROS1LANE 


Mol.  Wt.t 
163.51 

M-P.t 

-105. 6*C  (184) 

d. /sp. or. 1 

i723fi20  (103) 


Formula! 

c2Hssia3 

Characteristics! 
Liquid  -  colaclesi 
(acrid  odor)  (103) 

B-P.i 

97-103760  (103) 


Viscosity! 


.  48  cs  (at  25*C)  (103) 


20 

p» 

1.4257 


(103) 


Unique  conditions,  reaction  rroducts! 

Evolves  white  fumes  with  moist  air;  violent  reaction  with  HjO  (yields  beat  and  white  acrid 
fumes)  (54). 


lonltlon  temperature! 

Hash  points  80*F  (103) 

Solubllltvi 

d.  HzO,  alcohol  (103) 

Thermodynamic  prooettiee 
heat  of  vaporization!  99  Btu/lb 
coefficient  of  expansions  .0015/*C 


DIMETHYL  OKCHLOROSILANE 


Mol.  Wt.i  Formula! 

129.07  (CHjfeSiClz 


M.P.i 

-76*C  (103) 


Characteristics! 
Liquid  -  colorless 
(acrid  odor)  (103) 


V.F.i 
10-25 
606  5 


(103) 
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i.G/u"  (103) 


B.P.l 

Vv .  5*  C  { 103) 

„2S 

P»  (103) 
1.405 


Viscosity] 

•  47  a  jii  25*C)  (105) 


Uni cbic  conditions,  reaction  product* 

Evolve*  white  fumss  with  mol*t  ali'i  violent  reaction  with  HjO  (yields  heat  aad  white  acrid 
fumes)  (54). 


Ignition  temperature! 
cutolgnltlon  temperatures  410*C 
flash  point]  1S*F 


(103) 


Solubility: 

s.  organic  solve ntij  d.  H2O,  alcohol  (103). 

Thermodynamic  properties] 
heat  of  vapaciiatlom  99. 4  Btu/lb  1 
surface  tension!  20. 1  dynes/ cm  (103) 

coefficient  of  expansions  .0013/*C  J 


TRB4ETHYL  CHLOROSILANE 


Mol.  Wt.i  Formula! 

108.65  (C«3)3S1C1 


M.P.t 

-57.  rc  (103) 


d./sp.  or.  1 


•Mg 

.949*45 


(103) 


Surface  ten  sloe] 

9.5  dynes/ cm  (at  20*C)  (103) 


Characteristics! 
Liquid  -  colorless 
(acrid  odor)  (103) 


l.P.t 

57. 9*C  (103) 

Viscosity] 

.  47  cs(at  25’C)  (103) 


6O-4 

100® 

400»-4 


(103) 


n» 

Pi  (103) 

1.3884 


Unique  conditions,  reaction] 

Evolves  white  fumes  with  moist  air)  violent  reaction  with  H2O  (yields  heat  and  white  acrid 
fumes)  (54) 


Itnltion  tcmperafaaei 
flash  point!  -16*F 
autaignition  temperature!  400*F 


(103) 


Solubility] 

s.  organic  solvents  (103) 


i 
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PROPYL  SILANE 


Mol.  Wt.i 
7420 

d./n>-  qr.l 
■  <103) 


Solubility! 
i.  organic  solvent!;  1.  H2O  (103) 

Thermodynamic  properties! 

heat  of  combustion!  19,000  Btu/lb  (202) 

Flammability! 

Spontaneously  flammable  (103). 


Formula! 

S1(CjH7)H3 

OjMCtrijto 
Liquid  -  colnriau  (103) 

B.P.l 

23*C  (103) 


B20 

(103) 

1.37S9  '  ^ 


DIETHYL  DICHLOROSILANE 


Mol.  Wt.i 

Formula! 

157.13 

<<*Hsteaa2 

MJLi 

Character  titled 

YJLi. 

1°°»  (103) 

1021 

-96. 5* C  (184) 

Liquid  •  color leai  (103) 

1.0S0420  (79) 

B.P.l 

129’C  (79) 

b20 

_5!_  (79) 

1.4809 

Unique  condition!,  reaction  product* 

Fumei  strongly  In  moilt  air, 

■0  lot* ok  that  leaky  container!  appear  to  be  on  fire  (54). 

Solubility! 

d.  cold  KjOt  i.  ether  (79) 

TETRAMETHYL  SILANE 

Mol.  Wt.i 

Formula! 

88.23 

(CH3)4S1 

M-P.i 

a  -101. 7*c  (226) 

P  -99.  5*C 

Character  Utlcn 

Liquid  -  colorless  (226) 

“p»  (22«) 

1.3582 

B.P.l 

d./jp.  qr.i 

26. 2*C  (226) 

(226) 
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Solubility! 

i.  organic  solvents)  1-  H^O  (226) 


Thermodynamic  gggitjM 

heat  of  vaporization!  6. 25  kcal/mol  (at  26. 2*C)  ) 

heat  at  formation!  (liq)  -69  kcal/mol)  (gat)  -63  kcal/mol  >  (226) 
heat  of  combustions  -920  kcal/mol  j 

Flammability! 

Spontaneously  flammable  (216). 


Mol.  Wt.i 
205.60 


d. /ip.  qr.l 
1. 137||  (103) 


„25 

P< 

1.4415 


(103) 


SL 

1.445 


(103) 


AMYL  TRICHLOROSILANE 

Form  ul  si 
SlCsHaCl3 

Characteristics!  V.P.i 

Liquid  -  colorless  (103)  120 107  (103) 

B.P.l 

166*-169*C  (103)  Viscosity! 

1. 10  cs  (at  25‘C)  (103) 


Unique  conditions,  reaction  products! 
Fumes  strongly  lu  moist  air  (54). 

tonltlon  temperature! 
flash  points  135*F  (103) 

Solubility! 

s.  organic  solvents)  d.  H^C  (103) 

Thermodynamic  properties! 

specific  heats  •  35 

coefficient  of  expansions  .0014/*C 


BENZYL  SILANE 


Mol.  Wt.i 
122.25 


Formula! 

C6Hs.CHzSiH2 


Characteristics!  V.P.! 

ITSOS  <103)  Liquid  -  colorless  (103)  3053  (103) 
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Solubility! 

i.  HjO;  i.  organic  solvent*  (103) 

Thermodynamic  properties 

heat  of  combustion)  19, 000  Btu/fe  (202) 

Flammability) 

Spoataneouily  flammable  (202) 


DUTHOXY  SILOXENE 


Mol.  Wt.t 
226.43 


Formula) 

(C2H50)2  SiOSlHjjb 


Solubility) 
d.  H2O  (103) 

Flammability) 

Spontaneously  flammable  (103) 


BIS(ETHYlAMINO)  SILOXENE 


Mol-  Wt.) 
280. 57 


Formula)  __________ 

UC2Hs)2Nj2sios5^oiSi^& 


Chirac  terlitlca 

Solid  -  orange  (226) 


Solubility) 
d.  Hj.0,  air  (226) 

Flammability) 

Spontaneously  flammable  (226). 


TR  1ST  RIME  THYL  SO.YL  PHOSPHINE 


Mol.  Wt.t 
2S0.33 


Formula) 
((CHj)  jSIJjP 


Character  lstlcn 
Liquid  (1S7) 


W.P.I 

2S3*C  (157) 


Svnthesln 

React  NaPHg  and  (CHjJjSiC!  In  an  ether  advent  at  room  temperature  and  distill  in  a  spinning 
band  column  (157). 


Flammability) 

Spontaneously  flammable  (157). 
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TRIETHYL  TELLURIUM 


Mol.  Wt  i 
214.67 

M.P.i 
1  J8*C  (52) 

FiaromaalUCyi 

Spontaneouily  flammable  In 


Formula! 

Te(C2H5)» 

Character  title* 

Liquid  -  reddidi  yellow  (52) 

ir  (52). 


1SGBUTYL  TITANIUM  TRICHLORIDE 


Mol.  Wt.i  7 ormolu 

2x1.29  **c4H9TlC13 

Chi  fact*  rime* 

Solid  (128) 

Flammability! 

Nearly  pyiotAalc  (128). 


TRIMETHYL  THAUJUM 


Mol.  Wt-» 
249.38 


Fcnnulai 

(CH3)jT1 


M.P.i 

38. 5*C  (226) 


Quracterlidcn 

Needlci  -  colorlew  (226) 


ypi 

520  (226). 


BP. i 

147*C  (extrapolated)  (226). 


Solubllltyi 

d.  light,  HjOj  •.  organic  lolvent  (226). 
Flammabilltyl 

SponUneouily  flammable  (226). 


PHENYL  DICYCL0PENTAD5ENYLVANADIUM 
Mol.  Wt.l  Formula!. 

iisTTl  (C5HS)2VC6H5 

Flammabllltyt 

Spoetuioudy  flammable  in  air  (243) 


TTvJHISr,”  lunGSTElj-  iniS^rrilSJNrL  UIIHBJMJ-TRJU^DIETHYL  ETHER) 
Mol.  Wt.i  Form-'l- 

873,81  <<V%)aw'>ucrti‘3<<?i<3b0 

OBj»ctjritfg| 

Violet  (226) 

Solubility 

*.  organic  advent)  d.  HjO,  alcohol  (226). 

Fiammabilltyr 

Spontancouily  flammable  (226). 


ZINC  DIMETHYL 


Mol.  Wt.« 
93. 43 


formula! 

Z»(CHjfe 


M.P.i 
-42*C  (224) 


Chanae  tarlitl  cm 
Liquid  -  cdotleai  p.26) 


B.P.I 

1.386*“  (226)  4<rc  (226) 


Thermodynamic  trope  rtlcn 

heat  of  combuitloni  5090  i  15  cal/g 

enthalpy  of  camUiatlom  433.2  i  1.4  kcil/mol 

enthalpy  o l  formation  (llq)  6.  5|  (gai)  13.  3  1 tcil/ms* 


VP.» 

124*3  (226). 


Flammability! 

Spontaneously  flammable  in  air  (226). 


DIVTNYLZJHC 

Mol.  Wt.  i  Formula! 

119,42  (CH2iCH)2Zn  bS!-  (241) 

Unique  conditions,  reaction  picductn 

Yield  ethylene  on  contact  with  HjO  (241). 

Syntherin 

ZnCl2  +  2CH2iCHMgBr  tffllli.? - >  (CHji CH)2Zn  +  2MgBrCl  (241) 

Flammability! 

Spotttanecudy  flammable  in  air  (241). 
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ZINC  ISOBUTYL 


Mol.  Wt.  I 
179.6 


Formula} 


Uatog  condition!,  reaction  product*! 
React*  with  H20  to  yield  ethane  (27). 

flammability! 

Spontaneouily  flammable  (27). 


DIETHYL  ZINC 


Mol.  Wt.i 

Formula! 

123.50 

2n(C2H5)2 

M.P.r 

Characterirtlcn 

-30*C  (226) 

Liquid  -  cola 

diZ»i>-jLrJL 

B.F.i 

1-18218  (226) 

117. 6*C  (226) 

Toxlcityi 

VJPt 

27*3  (226) 


Dt 

TTT936 


(226) 


When  burning, yield*  tine  oxide  fume* '{threshold  value  S  mg/m^)  (142). 

Zn(C2HS)2  +  Zn%  (80) 


Synthesis 

Zn  +  C2H5I  -*  C2HsZnI(2) 


Unique  condition*,  reaction  troductn 

Extremely  violent  decomposition  in  HgO  to  yield*  Zn(OH)2  +  (80). 

Solubility! 

d.  H20,  alcohol)  1.  organic  solvent*  (226) 

Handling! 

Ship  In  icalcd  tube*  or  iteel  cylinder*,  protect  tram  physical  damage,  keep  cool  and  dry  (142). 


Thermodynamic  proportion 

heat  of  formation:  (liq)  S. 2  kcal.molj  (ga»)  142  keal/mol 
heat  of  comhuatlom  6481  ±  4  cal/g 

Military  and  lndu*t rial  uaeg 

Igniter  for  captule  firing  flame  thrower  (99). 

Flammability! 

Spontaneously  flammable  Is  air  (226). 


(114) 
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ZINC  ISO  AMYL 


Mol.  Wt,  i  Formula! 

13fi'43  l-m3(CH2)4Zn 

Characteristics! 
Liquid  ( 27 ) 


Unique  conditions.  reaction  rroducta 
Reacts  with  H20  to  yield  C2H$  (27) 

Flammability! 

Spontaneously  flammable  (27). 


Dl-n  -PROPYL  ZINC 


Formula! 

Z«(c3 H7>2 

Characteristics! 
Liquid  (226) 

B.P.i 

lflO'C  (226) 

Unique  conditions,  reaction  croductsi 
Reacts  with  H20  to  yield  (27) 

Solubility! 

d.  H2Oi  i.  organic  solve*!  (226), 


Mol.  Wt.i 
151. S5 

1.  1034$°  (226) 


„18.6 

Pi  (226) 

1.4845 


Thermodynamic  propertied 

heat  oi  formation!  (Uq)  -3. 9  kcal/mol|  (gas)  -13. 6  kcal/mol  T 
enthalpy  of  combustions  1113.  3  *  5,  6  kcal/mc4  )  (il4> 


Flammability! 

Spontaneously  flammable  (226). 


TETRAMETHYL  DIBORANE 


Mol.  Wt.t. 
83.  79 


Formula! 

(H(CH3)2BB{CH3)2H) 


M.P.i 

-73*C  (103) 


Character  Isticp 
liquid  (103) 


Solubility! 

s.  organic  solvent!  d.  H20,  air  (103). 


B.P.! 

69"C  (103) 
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Thermodynamic  ptopeitieai 

heat  of  combtutiani  24,000  Btu/lo  (202) 

heat  of  vapociutioni  7.  3  kcui/rool  (103) 

Flammabllltvt 

Spontaneoualy  flammable  (200) 


(b)  HALIDES 


DI-CHLORQ  ACETYLENE 


Mol.  Wt.i 
94.93 

M.P.t 
-66*C  (79) 


Formula! 

aci  ca 

Quractcrijticw 
Cti  (123) 


Synonyms? 

Dichlorcethynn 

B.P.i 

Explodet  (79) 


Svuthe  sin 

Trichloroethylene  with  caustic  sods  decomposer  to  form  dl-  or  trichloroacetylene  gu  (123). 


Solubility! 

!•  alcohol,  ether  (79) 

Flammability! 

Ignite*  or  exploder  on  contact  with  air  (123). 


HEXACHLORCETHANE  MIXTURE 


Mol.  Wt.i 
236.76 


MP.i 

186.  6* C  (lubllmei)  (132) 

d./»p.  qr.i 
2.091  (132) 


Formula! 

cci3ca3 

Characteristic*! 

Solid  -  rhombic,  trl clinic  or 
cubic  cryttala,  colorless, 
camphor-like  odor  (132) 


Synonym  » 

Parchl  one  thane 
Carbon  haxachloride 
Carbon  trichloride 
Smoke  powdar 


V.P.i 

l32  ?  (195) 


Toxicity! 

Moderately  irritating  to  skin,  mucous  membrane)  and  liver.  Narcotic  la  high  concentrations 
(132). 


Solubility! 

1.  HjOj  s.  alcohol,  bentene,  chloroform,  ether,  oils  (132) 

Military  and  Industrial  urea 

Solvent,  In  explosives,  camphor  subetltute  In  celluloid  rubber  vulcanizing  accelerator  (132). 


Flammability! 

Moist  uie  hazardous,  ignites  with  water  (27). 


BRCMOETKYNE 


Mol.  Wt-i 
104.9 


Formula! 

HQCBr 


■Synonyms! 
Brosaacelylene 
Bream  oacetylcne 
EthyayL  chloride 
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V.d.l 


d.  /tp.  qr.  i 

rWV4«  »"«ni 


OMUjcttriJcg 
Ul  (79) 

B.P.l 
4‘C  (79) 

-2*C  (195) 


Solubllltyi 

i.  ether,  dilute  HNOj,  dilute  HC1  (79) 


Flammability! 

Spontaneously  flammable  in  air  (195) 


4.684  g/cm3  (195) 


CHLOROACETYLENE 


Mol.  Wt.i 

Form  ul  ai 

Synonym  n 

60.48 

HCi  CC1 

Chloroetfayne 
Ethanoyl  chloride 

M.P.i 

Characteristics! 

Acetylene  chloride 

-126*C  (79) 

Gas  (195) 

d./ip.  qr.  1 

B.P.l 

.002760  (195) 

-32*C  (79) 

Toxidtyi 

Unknown  (195). 

Synthesis! 

Can  be  formed  from  NaOH  and  trichloroethylene  (123). 

Unique  conditions.  reaction  products 

Aqueous  iclutlon  generate!  Oj  and  glows  in  the  dark  (46). 

Solubllltyi 

d.  H2Oj  i.  alcohol  (79) 

Flammabllltvt 

Unstable,  ipontaneoualy  flammable  (123). 


ACETYI  BROMIDE 


Mol.  Wt.i  Formula! 

122.95  CH3COBX 


Synonym  n 
Ethanoyl  bromide 
Acetic  acid  bromide 


M.P.i 
-96* C  (79) 


Character  laden 

Liquid  -  col  or  leu  fuming 
(yellow  in  air)  (195) 


B.P.l 

76.  7*C  (79) 
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d./»p.  qr.» 


1.66316  (79) 

4 


i.'iSMi 


Toxicity! 

High  (acute  local)  at  Irritant,  ou  lngeetion  and  on  Inhalation  (195). 


Syr) the  lia 

Interaction  of  CH3COOH  and  PBrs  (190). 

Unique  condition!,  te  action  productn 

Violent  deccmpodtlou  with  moiUure  (195). 

Solubllityt 

d.  H2O,  alcohol!  a.  ether,  benzene,  chlorofonn  (79) 

Military  and  industrial  uaew 

Organic  qmthciii  and  manufacture  of  dyei  (190). 


ACETYL  CHLORIDE 


Mol.  Wt.i 

Formula! 

Svnu*ymH 

78.50 

CH3COCI 

Ethano/1  chloride 

MPl 

Characteriatlcn 

Acetic  add  chloride 

-112*C  (79) 

Liquid  -  col  oriels. 

Vd.i 

fuming  (79) 

2.7  (195) 

d./ap.  or.t 
M03921(79) 

B.P.i 

n» 

4 

51*-S2*C  (79) 

Dt  (79) 

Toricttyi 

1.3898 

High  ai  irritant,  on  lug  ration,  and  inhalation!  when  heated  emit*  highly  toxic  fume*  of  phoa- 
gene  (195). 

Svntheaiat 

CH3COOH  +  PCI3  -f  C2H3aO  +  HClT  (190) 

(diatill) 

Unique  condition!,  reaction  product!! 

Reacts  violently  on  contact  with  H^O  or  alcohol  (190). 

Solubility! 

a.  ether,  acetone,  acetic  acid  (190) 

Handling! 

Keep  from  water  (132). 

Military  and  lnduatelal  men 

Uaed  in  organic  ayntheala  (preparation  of  acetic  anhydride,  dyea  and  pharmaceutical!)  (190). 


185 


BENZOYL  chloride 


V:ol.  Wt.i 

Formula! 

140.5  (46) 

C6H5COCI 

M.P.l 

Character  Utica 

B.P.I 

-1*C  (46) 

liquid  -  colorless  - 

wre 

fuming  (46) 

194742  («) 

1.2187 IS  (36) 

n20 

(46) 

1. 55369 

Unique  conditions,  reaction  products! 

Smokes  in  air  (191), 

gives  benxoyl  derivative!  with  alcohols, 

phenols  and  amines  (46). 

SalubUltys 

s.  CgHp  ether  (191) 

AN1SOYL  CHLORIDE 

Mol.  Wt.i 

Formula! 

Svnonymn 

170.5 

cnioc6H4coa 

Anisic  acid  chloride 

M.P.l 

B.P.! 

22’C  (46) 

160-164s5  (46) 

Toxicity! 

High  (acute  local  Irritant)  on  Ingestion  and  on  lnhalatlou  (19S). 

Unique  conditions,  reaction  products 
Hydrolyj  s  to  HC1  with  HjO  (195). 

Solubility! 

1.  HzO;  (•  acetone,  ethane  (195) 

Military  and  Industrial  met! 

Intermediates  .'or  dyes  and  medicines  (190). 

Flammability! 

Spontaneous  explosion  at  room  temperature  (195). 


TRI-CHIOROACETYLENE 

Characteristics! 

Gas 

Synthesis! 

Trichloroethylene  with  caustic  soda  decomposes  to  form  dl-  or  trichloroacetylene  gas  (123). 
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Flammability! 

Igniter  or  exploder  on  contact  with  nr  (123). 
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(c)  MISCBIXAN^CSJS 


MGNQMElHYLhYDRAZINE  (MMH) 

•I 


Mol.  Wt.i 

Formula! 

42.01 

CHjNHNHj 

M.P.i 

Characteristics! 

v.p.» 

-62.S*F  (149) 

Liquid  -  clear,  water- 

.  3l40*F 

white,  ammoniacal  odor 

j.oSO'F 

d./sp.  gr.i 

(149) 

S.  J|20*F 

7.  32  (at  68*F)  (149) 

B.P.i 

7.9l«*F 

Viscosity! 

189. S*F  (149) 

n 

.85  (at  68*F)  (149) 

Toxicltyi 

_£i  ( 

1.S9 

) 


(»49) 


(149) 


Caustic  to  skin  and  eyes,  can  affect  respiratory  system,  potent  central  itlmulaut  (tremor*  and  con¬ 
vulsions);  no  thrediold  limit  value  let  but  it  ia  probably  below  .  S  ppm  (149). 


Unique  conditions.  reaction  product* 

Reacts  with  COg  and/or  Og  in  air,  hypergolic  with  HgC^,  NgO^,  Fg,  HHOj  (149) 

Ignition  temperature! 

Open  cup  flaah  polnti  61*-63’Fj  autoignition  temperature*  382*F;  flammability  limit 2-  5-92  or 
9ft*  (149) 

Solubility! 

Mlicible  with  HgO,  lower  weight  alcohol*,  hydrazines  (it*  derivative!)  and  amineii  i.  hydro¬ 
carbon*  (149). 

Thera  adynamic  taopertien 
critical  temperature:  562*F  ) 

critical  pressure!  1180*  pela  j-  (149) 

critical  density!  1.42g/cm3  J 


Flammability! 

"...  exposure  of  MMH  iu  air  on  a  large  surface  (e.  g. ,  rags)  may  resutf  In  spontaneous  ignition  from 
heat  evolved  by  oxidation  with  atmospheric  Oj"  (149). 


PRODUCTS  OF  NITRATION  OF  DINITROFIUOROETHANE 

Unique  conditions,  reaction  product* 

Air  admitted  into  vecuum  at  4iO"C  exploalve  reaction  (9). 


188 


ETHYL  NITRITE 


Mol.  Wt.i 
7S.07 

d-/«P-  Sr- 1 
.9  (19S) 

Toxlcityi 

Moderate  (acute  ud  chronic  xyrtemlc)  on  inhalation  (195). 

Synthetic 

From  action  of  ethyl  alcohol  on  nitroiu  oxide  gaij  treat  ethyl  alcohol  with  alkali  nitritei  and  aul- 
furic  acid  (190). 


Fomiul  ar 

C2H5NO2 


B.P.i 

10. 4*C  (195) 


Synoaymw 
Nitrou*  ether 


V.d.l 

2.59  (195) 


Ignition  temperature! 
fiaih  poinh  -31*F 

Ignition  temperature!  exploder  at  194*F 

Thermodynamic  propcrtiea 

heat  of  combustlou  (at  critical  prewure)! 


]  <«S) 

334.21  cal  (46) 


UNSYMMETRICAL  DIMETHYL  HYDRAZINE 


Mol.  Wt.i 

Formulas 

V  (46) 

1.40753 

60.1  (195) 

(CH3)2  NNHg 

M-P.t 

Charycterlatica 

V-P.r 

-58*C  (195) 

liquid  -  ammoniacal  odor 
(46) 

1572S  (|95) 

d./ep-  gr.i 
.782  (195) 

B.P.i 

63.  3’C  (195) 

Viacoaityi 

.  56  epe  (at  68*F)  (153) 

Toxicltvt 

Nat  at  toxic  at  hydrazine,  stimulate!  central  nervoua  ryatem,  threshold  limit  approximately 
•  5  ppra  ( 153). 


Syntherlw 

(1)  react  diraethylamine  and  chloremiae)  (2)  react  dim  ethyl  amine  salt  with  nitrate  than  reduce 

product)  (3)  catalytic  oxidation  of  dim  ethyl  amine  and  ammonia  (190). 

Ignition  temperature. 

flaah  point!  34*F  (195) 

autoignitiem  temperature!  145. 9*F  (127) 

Solubility! 

1.  HjO,  ethanol,  (CjHsJjO  (46))  completely  miaclble  with  HjO,  hydrazine,  diethyl  triamine, 

CjHjOH  and  moat  petroleum  fueli  (153). 


Thermodynamic  ggggggg 
critical  temperature)  482*F  'i 

critical  ~— ■—-■  7J*  *-»-  / 

heat  capacity  (liq)t  65Btu/lb  >  (1) 

coriUcient  of  thermal  expansion!  .  1  cp  I 
heat  of  vaporization!  72  Btu/lb  (at  F.  P. )  J 
heat  of  combustion)  14, 200  BWlb  (75) 

Military  of  Industrial  mew 

Jet  and  rocket  fuel  component,  uted  in  chemical  synthesis,  used  as  a  stabilizer  in  orgrnlc  fuel 
peroxides  (190) 

FlamtKiabilltyi 

On  a  large  surface  may  ignite  due  to  slow  air  oxidation  (153). 


DIACETYLENE 


Mol.  Wt.S 

Formulas 

Synonymn 

50.1 

HC.'CCiCH 

Butadiyne 

Butadiene 

M.P.i 

B.P.i 

-36. 4*  C  (195) 

d./ip.  qr.l 

2.233  (1»S) 

10.  3*C  (195) 

*°L  (46) 

1.43862 

Toxlcltvt 

Moderate  as  acute  systemic 

(19S). 

Unique  conditions,  reaction  products! 

Spontaneously  explodes  with  damp  silver  salts  (195). 

Flammability! 

Spontaneously  flammable 

(27). 

ACETYL  PEROXIDE 

Mol.  Wt.t 

Formula! 

Synonyms! 

118.1 

(C H3CO^Oz 

Ethanoyl  peroxide 
Diacetyl  peroxide 

M-P.i 

Characteristics! 

30*C  (195) 

Solid  -  cryr'al  - 

B.P.i 

d~/» P-  9r-» 

colorless  (195) 

6321  (195) 

1.18  (195) 

V.d.i 

4.07  (190) 

Toxicity: 

Moderate  (acute  l^cal)  as  irritant,  aa  ingestion,  cn  Inhalation 

(195). 
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Unique  conditions,  rtactloii  ggdjjCtg 

Cor  cause  Ignition  of  organic  material!  on  contact,  produces  heat  on  contact  with  water  or 
ate  am  (195). 

Ignition  temperature! 

Above  122*F  a  violent  decomposition  may  occur  (142);  tied)  point)  113*F  (190) 

Solubility! 

s.  HoO,  alcohol,  ether;  d.  NuOH.  CCJ^  (190) 

Handlings 

Keep  from  physical  damage,  uo  sources  of  Ignitiou  (electrical)  to  be  located  In  the  building,  tem¬ 
perature  range  32'F-90*F  (142). 

Military  and  lndietrlal  must 

Initiator  and  catalyst  far  resins  ( 190) 

Flammability! 

Spontaneously  flammable  If  more  than  24  hours  old  (195). 

P-NITROSOTHENOL 

Mol.  Wt.«  Formula! 

12  J  CfiHjOHNO 

M.P.i  Characteristics! 

144*C  (46)  Solid  -  pale  yellow 

needles  (4b) 

Synthesis! 

From  phenol  by  action  of  cold  nitrous  tcid  ( 190) 

Unique  conditions,  reaction  products! 

Ignites  with  small  amounts  of  acid  or  alkali  (190) 

Solubility) 

s.  alcohol,  ether,  acetone;  moderately  s.  H2O  (190) 

Thermodynamic  propertiee 

heat  of  combustions  715.5  cal  (46) 

Flammability! 

Impure  -  explodes  by  iclf-ignitioii  (190) 

PH£NYLDIAZOSULFS)E 

Mol.  Wt.  1  Formulas 

118.  12  C$H5NNSH 

Character!  dice 
Solid  -  red  (163) 
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Unique  condition,  reaction  rtxlu.Hj! 
Explode!  when  dried  in  »ir  ^  J fi 3 } 


Mol.  Wt.i 
120.lt, 

4i  7«p.  qr.  I 
l.0522fjO  (79) 


STYRENE  OXIDE 


Formula! 

CgHgO 

Oiaracterldlcu 
Liquid  (79) 


ignition  tmawtigg 

flaah  point!  175*F 

•Kolgnltlon  temperature!  17S*1' 

Soluhllltvi 

1.  HzOi  1.  alcohol,  ether  (79) 


Mol.  Wt-i 
128.21 

M.P.i 

<  -100*C  (79) 

d/ip.  or.! 

•  820S  (195) 

Ignition  tern  peraturei 
flwh  point  (open  cup>  125*F 

Solubility! 


2  -ETHYiHEXALDEHYDE 
Formula! 

Characterlitlcn 
Liquid  (195) 

B.F.t 

163760  (79) 


1.  H2Oj  5.  alcohol,  ether  (79) 


Fla-..imablUtyi 

Spontancouely  flammable  in  air  (217) 


Mol.  Wt.t 

284.49 

M.P.i 

70.  l’C  (79) 


STEARIC  ACID 

Formula! 

CT3(CH2)l6C02H 

CharacUrl^lcn 
Solid  -monocllnlc 
l*af  (79) 


Synnnyniff 

Phonyloxirau 
Bemeue,  1, 2epoxylethyl 

B.P.i 

381. 6*F  (129) 


Synonvmn 
2-ethyl  hexanal 

V.P.l 

1.820  (i9sj 

V.d.i 
4.42  (195) 


Synanvnm 
Octadeaaolc  acid 


1.4299 
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T9408J01  (79) 


183.5*0  (T9\ 


Unique  condition!.  reaction  produett! 

Heatj  tpontaneouily  (129) 

Ignition  temperature) 

flaih  point!  385*F 

autoignition  temperature!  74.'i*F 

Solubility! 

!•  H2O;  cfi  alcohol,  ether,  acetone,  C^H&|  i.  chloroform,  CCl^,  CSj  (79) 

TTUDECYt  ALDEHYDE 


Mol.  Wt.i 
193.  35 

MP.i 
14*C  (16) 


Formula! 

CHj.tCHjJjiCHO 

B.P.i 

126-128*®  (46) 


Synonym  « 
Tridecinal 


.8356^8  (46) 


Solublllt 


1.  HzO|  «.  alcohol  (79) 

Flammability! 

Spontancoiuly  flammable  in  air  (217) 


Unique  condition!,  reaction  producta 
Expletive  with  alt  (10) 


DIAZ  DUNE 


DIMETHYL  DIMETHYL  PHOSPHOMAM DATE 


Characterittlcg 
Liquid  (127) 


B.P.i 

136*F  (127) 


Unique  condltlona,  reaction  ocoducta 
S  niitive  to  O2  and  moist ute  (127) 


O,  O  DIMETHYL  THIOPHOSPHORYL  QILCKBE 

Oiaracteriatlcc 
Liquid  (127) 


it  ftM-smi*  ■ 


urntjug  corn  ltlon  „  reaction  product* 

Unitablc  above  3O-40*C,  fumei,  may  explode  at  100*C  {127) 


eutolgnltim  temperaturei  212*F  (127) 

3  PYRIDINE-DIAZONJUM  FU)OROBORATE 

i 

Flammabllltvi 

When  completely  dry  -  violent  ipoutaneoui  decom  portion  (47) 


PYRIDINIUM  PERCHLORATE 

Formula! 

CsHsN-HCKX* 

Synthetl* 

Farmed  during  purliicutlon  of  pyridine  with  HCIO4  (113) 
Fltunmahllltvi 

Violent  exploit  on  in  air  (113). 


VINYLMETHYL  TETRAZOLE  TRBORaNE 

Unique  condltlonat  reaction  producer* 

Spontaneoui  decompoaltion  taker  place  at  room  temperature  (5). 
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NOT  REPRODUCIBLE 

at  MUmiAMtOftt  CXMFOUWPt 


Ureal  inn  he Dn«a»rMtti%  Aertdoo 

nyypjAMftn 

Air  reactlva  (197} 


AlwBiaCtn  tnd  ladta* 

<4f »i  «*<**) 

Tpoutaaetudy  inflamM  wtlfe  HjO  (I) 

Tiimathyi  Am  ton  and  Ufcimt  Ai  tab  ham  HyMda  Adding*  Comrmmd 

SrtttiaHm 

ltu«  trimatbyi  ambM  raaett  vMt  M  atfMf^ aeiWM*  K  UAiHj  in  v«um  at  -W C  ta  yiald  a  vfcHa 
addWaa  compound  (153) 

S^uhiltan 

<1.  i.  achanaii.  c*Hd(i«l) 

(poaftaasouily  Qunmabl*  in  all  (101) 

n«qrl  OatWnttra 

A*  mutable  white  solid  phaayl  derivative  it  ferxagd  hoac  dm  action  of  ftaayim  a*aadma 
cm  diver  chloride  ce  bromide  U  athar.  The  anhaLance  Mar  ha  Uai«ad  to*  m  avafamtfiHb  ■(  Aa 
wilvant  Km  dry  wild  decora pmei  in  a  jvtf  <4  *Wtd  «p<4»  (1*4). 


MC-h  Polys*  ar 

Srpftyfl? 

taC-«  at  tanyainturai  over  -124*C  (dan  eattmnaljr  Tic  polynias*  (240). 


CgQf +  Za 

QshiuI^MBp 

WOfa  mablUN  iiycwtaa— ut  baattap  and  tmitttai  any  *a#w  (**)• 


Heat .  14  motet  uribatyl  barUa  win  .  II  mad  at  hawWMUwWa  at  200*  C  tar  4  bam  aad  NBPC  far 
1  hour.  M  action  yield*  low  hoUing  tmai  tad  a  nmtjtart*  mdatgaa  tf  mod  a rti  hadliac  NWto>  30* 

aad  1Q0*C  (303) 


IN 


.  -  »  i 


ri  i « rtrv 
qii j«u  r\ *• 


^  II  M-r»1 
-i)‘  *5* 


Synthasbs 

Heist  3C(>H5HgCl  +  CrOl 3 .  3THF  ia  (1)  Atmospheric  pressure  and  temperatures  greater  than  PO*C, 
(k)  at  room  temperature  and  reduced  preMure,  thee  (3)  wash  red  mild  with  dlathyi  ether  to  yield  black 
pyrophoric,  paramagnetic  aolld  (244). 

Unique  conditions.  reaction  products! 

Hydrolytlr  of  black  powdar  yleldt  bis -crene -complexes  (244) 

Flammability! 

Spontaneously  flammable  (244). 


Structural 

Black  wild  considered  to  be  composed  ol  approximately  equal  petti  of  bit -benzene-  and  benzene- 
biphenyl -chromium  Intermediates  passible  Wructurel 


(CeH^a^m) 


(244) 


Difluorourea  Decompodtlcn  Pr  oduct! 

Unique  conditions.  reaction  products! 

Difluorourea  decomposition  products  in  air  are  a  possible  cause  of  fire  (6) 


Uranium  Borofaydrlde  and  Trimatfayl  Boron  Reaction  Products 


Synthesis! 

Uranium  borohydrlde  and  trhnethyl  boron  In  a  sealed  tube  at  80" C  for  4  hours  yields  a  non  volatile 
finely  divided  brown  deposit  (197). 

FlammiblUtvt 

Vigorous  reaction  with  air  (197). 


Aluminum  Borohydrlde  Decomposition  Products 


Synthesis! 

Evaporate  aluminum  borohydrlde  rapidly  at  room  temperature,  a  raddu*  remains  which  contains 
Al,  B,  and  active  H2  (198). 

FI  amm  ability! 

Detonates  spontaneously  In  air  (198). 
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Magnesium  SUlcide  and  Acid  (Usually  Dilute  HO)  Reaction  Product;: 


Flammability! 

Spontaneously  flammable  (SO). 


Zinc  and  Iodise 
(equal  amountf) 


Flam  tn  ability! 

Spontaneously  flammable  in  HgO  (3). 

Magnesium  and  Iodise 
(equal  amounts) 

FI  am  inability! 

Spontaneously  inflame!  with  H^O  (3). 


Rods 

M.P.i 

lOO-lSOTC  (195) 

d.r/»E-ar:.». 

1.0825  <195j 


Synthesis* 

Obtained  af  exudate, 

(214). 

Unique  conditions.  reectlon  products 

Can  react  with  oxidizing  mat  trial*  (195). 

Ignition  temperature! 
flash  point*  370*P  (195) 

Solubility! 

i.  alcohol,  ethei,  glacial  acetic  acid,  many  oils,  and  aqueous  alkaline  advents}  1.  H2O  (190) 

Military  and  Industrial  mew 

Form*  loops  with  aqueous  alkali]  dadc  product*  used  in  linoieunt,  rods  oil  ami  varnishes,  nest 
series  used  In  making  site  for  paper]  lighter  grades  in  soap  manufacture,  used  is  reaiaates  erf  Pb,  Co, 
etc.,  as  a  paint  drier,  sealing  wax  cr  plastic  (190) 

FI  amm  ability! 

Spontaneously  flammable  in  air  (1)5»- 
Toxicltyt 

Slight  at  allergen  (195). 


Form  ul  a| 

SO-SOyabUtic  acid 
5,CK«nhydrids 


Character  latl  cr 

Pale  yellow  to  amber 


Synonym  aa 
Piac,  hub 
Colophony 

Cum  rosin 


1/ 

t 


translucent  fragments  -  turpentine  odor  and  teste  (195) 


mixed  with  volatile  oil,  by  incision  at  coniferous  trees  (distill  off  turpentine) 
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Trfaoethyl  Aluminum -Dimethyl  Ether  Complex 


m.r.r  E.r.i 

-29.9*0  (225)  I59*C  (226). 

Flammability! 

Spcntanacudy  C.omm  able  (226). 


Hydrogen  Phoephlde  and,  impuiitlei 


Flammability! 

Spootaneoudy  flammable  in  air  (62). 


Oleum 


Form  ul  at  Synonyms 

HjSOj  with  flee  SOj  Fuming  tuUuric  acid 

Gharactarijtlcg 

Liquid  -  vitcmn,  colorleii,  or 
•lightly  colored  (25) 


x-'ma  wedjrt^  reaction  prod facts 

With  moiitura  in  air  yield*  a  white  fog  (25). 

Military  and  lnduetrlal  u*es 

UkJ  in  World  War  I  by  Germ  aiu  ai  a  cm  oka  fcrcen,  u*ad  by  Carmanj  in  World  War  II  in  floating 
•moke  pot*  (react*  with  l^O)  (25).  Sulftuatlng  agent  is  production  of  organic  compound*  (214). 


Titanium  and  Nitric  Acid 


Flammability! 

Spontaneoudy  flammable  (74). 


Bismuth  Hydroxide  and  Aluminum  Hydroxide 


Synth*  ris 

Bi(OH)j  and  Al(OH)3  copceclpitated  and  reduced  by  Hj  at  17D*-210*C  i*  ipontaneoufly  flammable 
at  ordinary  tern  peril  turei  (143). 


Ni-Mg  Mixed  OxaUte  Catalyd 
Formulai 


Ni/MgCaO* 


Synthciia 

Ni/MsC204.2H20  H2  )  Ni/MgC^Oj  (80), 
Flammability* 

Spoutanrouily  flammable  (80), 


Alumiaum  Powder  and  Sodium  Peroxide 
(mixture) 


Unlqiw  condition*,  reaction  product** 
Ignite*  with  H20  (3) 


"FS"  Solution  of  Sulfuric  Trioxide  in  Chloromlfoulc  Acid 
Unique  condition*,  reaction  product** 

Atamired  in  moiot  air,  ingredient*  reacted  with  water  vapor  to  form  minute  droplet*  of  HjSO* 
which  appeared  a*  a  deice  white  cloud  (26). 

Military  and  indmtrlal  uwa 

Uied  a*  smoke  icrcen  in  World  War  11  (26). 


Sodium  Peroxide  end  Sodium  Thiorulfate 
(mixture) 


Unique  condltioru,  rca-tii'n  producta 
ignites  with  HjO  (4). 


i 


Si2Cl2  t-  NH3  Reaction  producta 


Synth* -it* 

React  SijClfi  +  NH3  -*  ...  (227) 

Flammability* 

Spoacaneoudy  flammable  (22 7) 


Aiuminuzo  Iodide  and  Sodium  Peroxide 

Unique  condition*,  reaction  product** 

Water -reactive  tmoie  signal  igniter  (227) 


Silane  Gal 


Unique  condlduia,  reaction  product** 

Alumiaum  chloride  sad  calcium  filicide  react*  with  H20  to  yield  rpcnUneoudy  flammable  all  ana 
ga*  (227). 
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riiiroao  v  m  nr  Hie  <*  Alphamethyiityrene 


Flamraabilltyi 

''Slow  decerupodtlon  in  air  (in  icrew  topped  bottle)  finally  heat  evolved  or  decani potition  product* 
accumulated  to  the  point  that  the  reaction  wa*  accelerated  and  (efficient  pretture  wai  built  up  to 
force  the  cap  from  the  bottle,  white  moke  filled  the  room1'  (7)- 


MlMMUtiilAi'HY 


» 


1.  Autonutronica,  Newport  Beach,  Calif* 

TOXIC  HAZARDS  OF  ROCKET  PROPELLANTS,  by  J.  J  .Oslake,  S.  Dobrln  eud  R.  A- 
Roinioe .  Tech.  rept.  U-108i99,  Nov.  »,  1‘XO.  Tablu  4.2-1.  AD  25  3236 

2.  Aero* pace  Technical  Intelligence  Cent*  r,  Wright -Patterson  Air  Force  Bale,  Ohio. 

METHODS  FOR  THE  PREPARATION  OF  D 230 RANK.  Nov.  4,  1900,  p.9.  (Trandatlon 
no.  MCL-741  from  German  patent  no-  1070103,  p.  3,  Feb.  25,  1900)  AD  256193 

3.  Antelman,  M. 

LECTURE  DEMONSTRATIONS  OF  INCENDIARIES.  .Jour.  Orem.  Education,  »{3)«  134, 

1953. 

4.  Antelman,  M. 

LECTURE  DEMONSTRATIONS  OF  INCENDIARIES,  PART  2.  Jour.  Education, 

32(5)i  274,  19S5. 

5.  Armed  Sckvicei  Explodvea  Safety  Board,  Washington,  D.  C. 

EXPLOSIVES  ACCIDENT/ INCIDENT  ABSTRACTS-  Sept.  1961 -June  i»07,  Oct.  1967. 

AD  660020 

ASESB  Explodve  Incident  Rapt.  no.  23 

6.  Ibid.  ASESB  Explodve  Incident  Rept.  no.  25 

7.  Ibid.  ASESB  Explodve  Incident  Rept.  no.  44 

8.  ibid.  ASESB  Explodve  Incident  Rept.  no.  47 

9.  Ibid.  ASESB  Explodve  Incident  Rept.  no.  59 

10.  Ibid.  ASESB  Explodve  Incident  Rept.  no.  85 

11.  Association  of  Casualty  and  Surety  Cotnpa  rle*  Accident  Prevention  Dept. ,  New  York. 

THORIUM!  ITS  COMPOUNDS  AND  ALLOYS.  Chemical  Harardi  Information  Series,  no. 
C-72,  Dec.  1958  .  24p. 

12.  Association  of  Casualty  and  Surety  Companies,  Accident  Prevention  Dapt.,  New  York 

URANIUM  AND  ITS  COMPOUNDS.  Cham  leal  Hazards  Information  Series,  no.  C-09, 

Feb.  1958.  23p. 

13.  Aubry,  J.  and  G.  Mo  order 

THE  PREPARATORY  OF  SOME  METALLIC  ALUM1NCHYDRIDES.  Comptes  Renduz 
Hebdutnadairei  del  Seances  de  1'Academie  dss  Sciences  (Gouthisr-VUlera)  2 3St  2534-2535, 

1954.  (CA  49i706e) 


14.  Behme,  C.  W. 

FIRE  PROTECTION  FOR  CHEMICALS.  Boston,  Mess.,  National  Fire  Protection,  1956. 
p.  25. 


201 


15.  Ibid.  p.  95 

16.  Butha,  H.  D. ,  C.  D.  Good  and  /.  I".  Fau*t 

REACTION  Of  SODIUM  HYDRIDE  WITH  BORON  TRICHLORIDE  TO  FORM  DIBORANE. 

Journal  of  Applied  Cbemittry  (Loudon),  14(6p  259,  1964. 

17.  Buttelle  Memorial  ln»t. ,  Columtuj,  Ohio. 

A  STUDY  OF  THE  TITANIUM -LIQUID  OXYGEN  PYROPHORIC  REACTION,  by  J.  D.  Jackion, 
P.  D.  Miller  and  other*.  WAJ)D  Tech.  rept.  60-258,  June  i960,  p.  10.  AD  243SS4 

18.  Bebie,  J. 

MANUAL  OF  EXPLOSIVES,  MILITARY  PYROTECHNICS  AND  CHEMICAL  WARFARE. 

New  York,  MacMillan  Co. ,  1S43,  p.  123. 

19.  Ibid.  p.  148 

20.  Ibid.  p.  149 

2 1 .  BORAX  TO  BORANES. 

Ini  Advance*  In  Chemitlxy  Seriei  No.  32.  Ed.  byR-  F.  Gould.  Waihlngton,  D.  C. , 
American  Chemical  Society,  1961*  67. 

22.  Brokaw,  R.  S. ,  E.  J.  Bodin  and  R.  N.  Pea*e 

WALL  EFFECTS  IN  TOE  OXIDATJDN  OF  BORON  TRIETHYL  VAPOR.  IGNITION  OF  n -BUTANE. 
Jour.  Amor.  Chem-  Soc. ,  70i  1921,  1948. 

23.  Brophy,  L.  P. ,  W.  D.  Mile*  and  R.  C.  Cochrane 

TOE  CHEMICAL  WARFARE  SERVICE*  FROM  LABORATORY  TO  FIELD.  WaAlngton,  D.  C. , 
Dept,  at  the  Army,  Office  of  the  Chief  of  Military  Hiatcry,  1959,  p.  196. 

24.  Ibid.  d.  204 

25.  ibid.  p.  208 

26.  Did.  p.  215 

27.  Bureau  of  Fire  Prevention,  City  of  Lo*  Angela*,  Lot  Aagelet,  Calif. 

DANGEROUS  CHEMICALS  CODE.  Lo*  Aug  tie*,  Calif.,  Parker  and  Co. ,  1951. 

28.  B.ireau  of  Mine*,  Dept,  of  the  Interior,  Pittsburgh,  Pa. 

REVIEW  OF  FIRE  AND  EXPLOSION  HAZARDS  OF  FLIGHT  VEHICLES.  COMBUSTIBLES,  by 
K.  W.  Van  Dolah,  M.  G.  Zabetaki*  and  other*.  Annual  ref*.  ASD-TR-61-278,  Apr.  1960- 
Apr.  1961,  Apr.  1961,  p.  37-38.  AD  262989 

29.  Burg,  A.  B.  and  C.  L.  Randolph,  Jr. 

THE  N-METHYL  DERIVATIVES  OF  82H7N.  Jour.  Amer.  Chem.  Soc.,  71*  3451-3455,  1949. 

30.  Burg,  A.  B-  and  C.  L.  Randolph,  Jr. 

DISPROPORTIONATION  REACTIONS  CF  TOE  DIMETHYLAMINOBORQN  HYDRIDES  Jon. 
Amer.  Chem.  Soc.,  73*  953-1951.  AD  5383 


202 


203 


49.  Edwaidi  Air  Force  Bare,  Calif. 

A  STUDY  OF  PENTABORANE,  by  A.  V.  Jenaeu  and  B.  B.  GodigarHn.  AFFTC-TR -61-34. 
May  1961,  p.Z.  AD  2S8885 

50.  Ellarn,  H. 

MODERN  PYROTECHNICS.  New  York,  Chemical  PubUrhing  Co. ,  Inc.,  1961. 

51.  Ellarn,  H. 

MILITARY  AND  CIVILIAN  PYROTECHNICS.  New  York,  Chemical  Publidiiag  Co. ,  Inc. , 
1968.  p.22 

52.  Ibid.  p.  24-25 

53.  Ibid.  p.  411 

54.  EXPLOSIVES  AND  OTHER  DANGEROUS  ARTICLES  ON  BOARD  VESSELS.  Waihiogton,  D.  C., 

U.  S.  Conat  Guard,  July  1,  1954,  p.216 

55.  Ibid.  p.  292 


56.  Factory  Mutual  Syatem,  Factory  Mutual  Engineering  Corp. ,  Norwood,  Maw. 

HANDBOOK  OF  INDUSTRIAL  LOSS  PREVENTION.  New  York,  McGraw-Hill  Bock  Co. , 

1967,  p.  56-4 

57.  Ibid.  p.  62-4 

58.  Faiiiiall,  L.  T. 

INDUSTRIAL  TOXICOLOGY.  Baltimore,  Md.,  William,  and  Wilkina  Co.,  1957. 

59.  Feber,  F.,  G.  Janaen  and  H.  Rohmer 

THE  CHEMISTRY  OF  SILICON  AND  GERMANIUM  VI,  THE  HEATS  OF  FORMATION  OF  MONO-, 
DI-,  TRI-,  AND  N-TETRASILANE.  Zettachrift  fur  Anorgauiache  und  Allgemeine  Chemie 
(Lelpdfc),  329(1-2)1  311-343,  1964. 

60.  Feher,  F.,  G.  Janaen,  and  H-  Rohmer 

HEATS  OF  COMBUSTION  AND  ENTHALPY  OF  FORMATION  OF  SIH4,  Sl2Hfi,  SljHg,  AND 
n-Sl^Hjo.  Angewoadte  Chemie  (Welohelm)  75(18)1  8 59,  1963. 

61.  Felbnan  Reaearch  and  Engineering  Lab.,  Picatinny  Anenal,  Dover,  N.  J. 

EXPLOSIVES  RESEARCH  SECTION  SAFETY  HANDBOOK.  Dec.  1959,  p.  34.  AD  233149 

62.  Feltman  Reaearch  Labr. ,  Picatinny  Anenal, 

(FUNDAMENTALS  OF  PYROTECHNICS]  Otnovy  PiMCekhnflti,  by  A.  A.  ShidlovBcy.  1964. 

PA  TM-1615,  May  1965,  p.289.  AD  462474 

63.  Ibid.  p.  308-309 

64.  Feytag,  H.  H. 

(FIRE  AND  EXPLOSION]  Feur  und  Exploalonen  (Kola)  Aullr  Verlag  Deubner  and  Co. , 

1966.  p.  172 


204 


65.  Fletcher,  E.  A.  .  R.  G.  Dortch  tad  H.  Allen,  Jr. 

COMBUSTION  CW  HIGHLY  REACTIVE  FUELS  K  SUPERSONIC  AIR  STREAMS.  ARS  Joot. , 
30(4)i  338,  1960. 

66.  Foreign  Tech.  Div. ,  Air  Force  Syrtem  Command,  Wright  Patte.  xm  Air  Force  Bale,  Ohio. 

DETERMINING  THE  HEAT  OF  FORMATION  OF  DLCABORANE.  hy  G.  U.  Gal'ehenko,  B.  I. 
Temifeyev  and  S.  N.  Skuratov.  Doklady  Akadcmli  Nnik  SSSR,  42(5)i  1077-1080,  1962. 
FTD-TT-62-985,  July  9,  1962,  9p.  AD  284153 

67.  Foreign  Tech.  Dlv. ,  Air  Force  Syitem  Command,  Wright  Pattenon  Air  Force  Bale,  Ohio. 

LIQUID  ROCKET  PROPELLANTS  (Zbldkiye  raketnyye  topllva),  by  A.  V-  Sevegln.  Modtva, 
Voyenniye  ladatel'itvo  Minlftentva  Oborony  SSSR,  1962.  FID-TT-6398,  Apr.  1963, 

103p.  AD  405726 

68.  Gaylord,  N.  C. 

REDUCTION  WITH  COMPLEX  METAL  HYDRDES-  New  York,  htencience  Fuhliabers, 

Inc.,  1956.  p. 8. 

69.  Ibid.  p.  22 

70.  Ibid.  p.  25 

71.  Ibid.  p.  SB 

72.  Ibid.  p.  73 

73.  General  Applied  Science  Labi.,  be.,  Weitbury,  Long  bland,  New  York. 

HEAT  TRANSFER  DUE  TO  COMBUSTION  ON  A  FLAT  PLATE  IN  SUPERSONIC  FLOW,  by 
W.  ChlniCr  and  L.  Spodacclni.  GASL  Tech,  rept-  486.  Dec.  1964,  summary.  AD  610613 

74.  GUbert,  L.  L.  and  C.  W.  Funk 

EXPLOSIONS  OF  TITANIUM  AND  FUMING  NITRIC  ACID  MIXTURES.  Metal  Program, 
70(ll)i  93,  1956. 

75.  Gilklion,  J.  G. 

COMMON  ROCXET  PROPELLANTS  AND  IGNITERS,  PART  III.  Fire  lag.,  116(11)1  958, 
1963. 

76.  GUitenko,  N.  I. 

PREPARATION  OF  PYROPHORIC  METALS.  Trudy  Voronedukog^  Goeudantvenaogo 
Unlverdtetov,  42(2)t  31,  1956.  1CA  53l  8093g) 

77.  Gorrle,  T.  M-,  F.  W.  K Off  and  5.  Toby. 

THE  KINETICS  OF  THE  REACTION  OF  SOME  PYROPHORIC  METALS  WITH  OXYGEN.  Join 
Phyi.  Chem.,  71(11)*  3842-3845,  1967. 


Gunn,  S.  R.  and  L-  R.  Green 

THE  HEATS  OF  FORMATION  OF  SOME  UNSTABLE  GASEOUS  PYDRTCS.  Jour.  Phya.  Chem. 
65(5)1  780-781,  1961. 


78. 


79.  HANDBOOK  OF  CHEMISTRY  A>©  PHYSICS.  Ed.  by  R.  C,  Weart  and  S.  M.  Shelby. 

Cleveland.  Ohio,  The  Chemical  Rubber  Co. .  1968. 

80.  HANDBOOK  OF  PREPARATIVE  INORGANIC  CHEMISTRY.  Ed.  by  G.  Brauer.  New  York, 

Academic  Pirn,  1965. 

81.  HANDBOOK  OF  LABORATORY  SAFETY.  Ed.  by  N.  V.  Steere.  Cleveland,  Ohio,  The 

Chemical  Rubber  Co.,  1967. 

82.  Harwood,  J.  H. 

INDUSTRIAL  APPLICATIONS  OF  THE  METAL  ORGANIC  COMPOUNDS.  Chemistry  and 
Induitry  (London),  12(11)1  432,  1963. 

83.  Hedburg,  K>  and  V.  Schomaker 

A  REINVESTIGATION  OF  THE  STRUCTURES  OF  DIBORANE  AND  ETHANE  BY  ELECTRON 
DIFRACTION.  Jour.  Amer.  Chem.  Soc.,  73*  1482,  1951. 

84.  Hultgren,  R-  R. ,  R-  1-  Orr  and  others. 

SELECTED  VALUES  OF  THERMODYNAMIC  PROPERTIES  OF  METALS  AND  ALLOYS.  New 
York,  John  Wiley  and  Sons,  Inc.,  1963,  p. 641. 

85.  Ibid.  p.  771 

86.  Ibid.  p.  829 

87.  Ibid.  p.  836 

88.  Ibid.  p.  868,  871 
89-  Hurd,  D.  T. 

AN  INTRODUCTION  TO  THE  CHEMISTRY  OF  THE  HYDRIDES.  New  York,  John  WUey  and 
Sons,  Inc.,  1952,  p.  36,  37. 

90.  Ibid.  p.  38 

91.  Ibid.  p.  48 

92.  Ibid.  p.  98 

93.  Ibid.  p.  99 

94.  Ibid.  p.  Ill 

95.  Ibid.  p.  128 
96-  Ibid.  p.  163 

97.  HYGENIC  GUIDE  SERIES.  Amer.  Indus.  Hyg.  Assoc.  Jour.,  25(3)i  314,  1964. 


298 


SS.  Sliuoi:  last,  of  Tech.,  Chicago. 

INCENDIARY  CAPSULE  FIRING  FLAME  THROWER  FEASIBILITY  STUDY,  PHASE  IH, 
EXPERIMENTAL  EVALUATION  OF  CANDIDATE  OPERATING  PRINCIPLES,  by  M.  S. 

Nusbaum.  Summary  rapt.  Nov.  17,  1960,  p>7<  AD  247639 

99.  Illinois  but-  ul  Tech.,  Armour  Research  Foundation,  Chicago. 

INHIBITION  OF  FLASHING  OF  AEROSOLS,  by  R.  Kamo.  Quarterly  progrea  rapt.  7,  Feb.  21, 
1962,  p.25.  AD  272972. 


100.  Johns  Hopkins  Univ. ,  Applied  Physics  Lab. ,  Silver  Spring,  Md. 

THE  COMBUSTION  OF  BORON  HYDRIDES,  by  W.  C.  Berl  and  W.  Kenlch.  Rapt-  CM-542, 
July  19SS,  AD  207027 

101.  Johnson,  W.  H. ,  R.  A.  Nelson  and  E.  J.  Prosen 

HEATS  OF  FORMATION  OF  TITANIUM  TETRACHLORIDE.  Jour.  Research  of  the  National 
Bureau  of  Standards,  62(1)1  49,  1959- 


102.  Karabash,  A.  G. 

SEVERAL  CHEMICAL  PROPERTIES  OF  THORIUM  AND  URANKJM.  Zhurnal  Naorganichertiol 
Kliim ii  (Moskva),  3i  986-995,  1958.  (CA  52s  18047d) 


103.  Kaufman,  H.  C. 

HANDBOOK  OF  ORGANOMEXALUC  COMPOUNDS.  New  York,  D  Van  Noetrand  Co. ,  Inc. , 
1961. 


104.  Kit,  B.  andD.  S.  Eve  red 

ROCKET  PROPELLANT  HANDBOOK.  New  Yo*,  The  MacMillan  Co. ,  1960.  p.65. 

10$.  Ibid.  p.  68 

106.  Ibid.  p.  75 

107.  Ibid.  p.  76 

108.  Ibid.  p.  140 

109.  Ibid.  p.  254 

110.  Ibid.  p.  255 

111.  Knap,  J.  E. ,  R.  E.  Leech  and  others, 

SAFE  HANDLING  OF  ALKYL  ALUMINUM  COMPOUNDS.  Indus,  and  Eng.  Chem. ,  49(5):  874- 
879,  1957. 


112.  Krucoff,  D. 

ARMOUR  DUST-FUELED  REACTOR.  Nucleonics,  17(6)s  100-106,  1959. 

113.  Kuhn,  R.  and  W,  Oltlng. 

ACCIDENTS  WHILE  USING  PYRIDIN1UM  PERCHLORATE  Chemiker-Zeitung  (Heidelberg) 
74i  139-140,  1950. 


114.  Lautech,  W>  F. ,  A.  TrOker  and  other i. 

LMETALORGANIC  COMPOUNDS  ENERGY  DATA,  PART  I,  COMBUSTION  AND  ENTHALPY  • 
OF  FORMATION]  Energelleche  Dat«n  Metillorguilicher  Verbindungen.  I  Tell,  Verbrennungi 
und  Bildungtenthalplen.  Zeitechrift  fflr  Qiemle  (Lelpdg),  3t  4 16-4 IS,  1963. 

115.  LEAD  OXIDATION  WORX  MAY  LEAD  TO  STANDARD; ■  Chem  •  r  <d  ’'ng.  Ne.vs,  44i  81,  May  ' 

1966. 

116.  LIU,  F. 

PYROPHORIC  IRON  OXIDE.  Monatihefte  fllr  Chemle  and  Verwandte  Telli  anderer  Wiuen- 
ichaften  (Wien),  Bli  632-646,  1950.  <CA  45)  32761) 

117.  Lockheed  Aircraft  Carp. ,  Sunnyvale,  Calif. 

ALUMINUM  HYDRIDE,  A  1 1TERATURE  REVIEW.  Tech,  note, Aug.  I960,  p.3.  AD  2 4458 3 

118.  Ibid.  p.  8 

119.  Ivid.  p.  9 

120.  Long,  L.  H<  and  J,  F.  Sachman 

HEAT  OF  FORMATION  AND  PHYSICAL  PROPERTIES  OF  GALUUM  TRIMETHYL  [TRIMETHYL 
GALUNEJ.  Tram.  Faraday  Soc.,  S4i  1797-1803,  1958. 

121.  Lyon,  R.  N.  , 

LIQUD  METALS  HANDBOOK.  NAVEXOS  P-733.  Waahlngton,  D.  C.,  U.  S.  Government 
Printing  Office,  1952,  p.40-41. 

122.  Ibid.  p.  42"  13 


123.  Manufacturing  ChemlrU  Auoc. ,  Waahlngton,  D.  C. 

CASE  HISTORIES  OF  ACCIDENTS  IN  THE  CHEMICAL  INDUSTRY  V.  1,  Washington,  D.  C. , 
The  Aaaoclatloni  1962,  p.  145. 


124.  Manufacturing  Chemlrta  AliOC. ,  Waahlngton,  D.  C. 

GUIDE  TO  PRECAUTIONARY  LABELING  OF  HAZARDOUS  CHEMICALS-  WaAJngton,  D.  C. , 
The  AnoclaUcm,  1961,  p.  90. 


125.  MATERIAL  FACTORS. 

126.  MATERIAL  FACTORS. 

127.  MATERIAL  FACTORS. 

128.  MATERIAL  FACTORS. 

129.  MATERIAL  FACTORS. 

130.  MATERIAL  FACTORS. 


Chem.  Eng.  Prog., 
Quin.  Eng.  Prog., 
Chem.  Eng.  Prog., 
Chem.  Eng.  Prog., 
Chem.  Eng.  Prog., 
Chem.  Eng.  Prog., 


62(9)1  128,  1966. 
62(12)1  116,  1966. 
63(1)1  127,  1967. 
63(2 )t  90,  1967. 
63(6)1  118,  1967. 
63 (7>  126,  1967. 


f 


208 


131.  Mcllor,  J.  W. 

A  COMPREHENSIVE  TREATISE  ON  INORGANIC  AND  THEORETICAL  CHEMISTRY.  New 
York,  Longmani,  Green  end  Co. ,  1936. 

132.  MERCK  INDEX  OP  CHEMICALS  AND  DRUGS!  Ed.  by  F.  G.  Steelier,  M.  J.  Fiakel  ead  otbin. 

Rahway,  N.  J. ,  Merck  and  Co. ,  1960. 

133.  METAL  HYDRIDES.  National  Safety  Newt,  77(2)t  37-40,  1958. 

1*4.  Metal  Hydrides  Inc.,  Beverly,  Mali. 

ATTEMPTED  SYNTHESIS  OP  BERYLLUM  HYDRDE,  by  J.  C.  Powtrs,  D.  W.  Vase  and 
E.  A.  Sullivan.  Rept  for  June  1958 -July  1958  on  Materials  Analysis  and  Evaluation  Techni¬ 
ques,  WADD  TC  60-543,  Oct.  1960,  p.  1.  AD  249398. 

135.  METAL  ORGANIC  COMPOUNDS.  Advances  In  Chemistry  Series  no.  23.  Wsrfsinptou,  D.  C, 

American  Chemical  Society,  1957,  p.  52. 

136.  Ibid.  p.  176 

137.  METALS'  DANGERS  LISTED.  Chem.  and  Eng.  News,  36(8)s  64,  1958. 

138.  Mirviss,  S.  B. 

PYROPHORIC  OR GANOMETAaiCS.  Indus,  and  Eng.  Chem.,  53<l)e  «pi<.  58A-80A,  1961. 

139.  MSA  Research  Carp.,  Callery,  Pa. 

EXTINGUISHMENT  OF  ALKALI  METAL  FIRES,  by  S.  J.  Rodgers  ead  W.  A.  Ersreou. 

Qturterly  progress  rept.  1,  March  IS -June  IS,  1962.  MSAR  <2-65,  June  18,  1962.  p.  9- 
AD  291580 

140.  National  Aeronautics  and  Space  Administration,  Waddngtoo,  D.  C. 

HANDLING  HAZARDOUS  MATERIALS,  by  D.  R.  Cloyd  and  W.  J.  Murphy.  Washington, 

D.  C.,  U.  S.  Government  Priiting  Office,  1965,  p.29-30.(SF-9032) 

141.  National  Bureau  of  Standards,  Washington,  D.  C. 

PREPARATION  OF  PURE  TITANIUM  TETRACHLGRDE,  by  W.  S.  Qabaugh  and  R.  Gilchrist. 
MBS  rept.  no.  3874,  Jan.  15,  1955,  p.  1-4.  AD  58090 

142.  National  Fire  Protection  Assooc . ,  Boston,  Men. 

HAZARDOUS  CHEMICALS  DATA,  jog  Fire  Protection  Guide  an  Hazardous  Materials,  1966. 

143.  National  Fire  Protection  Assoc. ,  Boston,  Mass. 

MANUAL  OF  HAZARDOUS  CHEMICAL  REACTIONS.  ^  Fire  Protection  Guide  on  Herndons 
Materials.  1966. 

144.  National  Fire  Protection  Anoc. ,  Boston,  Mass. 

NATIONAL  FIRE  CODES.  VOLUME  3.  COMBUSTIBLE  SOLIDS,  DUSTS  AND  EXPLOSIVES. 
1965-1966.  Boncn,  Mast.  The  Association,  19M. 

145.  National  Fire  Protection  Assoc. ,  Boston,  Man. 

PROPERTIES  OF  FLAMMABLE  LIQUIDS,  GASES  AND  SOUDS.  Jg  Firs  Protection  M 
Hazardous  Materials.  1966. 


146. 


147. 


148. 


149. 


ISO. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


158. 


159. 


160. 


161. 


KUw  VfjA  !_l=iv.  XW.  y0!l._ 

THE  THERMAL  DECOMPOSITION  CF  ALUMINUM  TRIETHYL,  by  Y.  A.  Tajima,  G.  Salser, 
and  C.  J.  Martel.  Feb.  1961,  Abstract.  AD  7.57019 

Noll,  P.  W. 

HANDLING  OF  BORON  PROPELLANTS  FOR  LIQUID  ROCKET  ENGINES.  I m  Proc.  Prop* Hunt  ■ 

Thermodynamics  and  Handling  Coni.  (Ohio  State  Uni v. ,  Columbia,  July  20-21,.  1959).  Ed. 
by  L.  E.  Ballinger  and  A.  W.  I  *  mm  on,  Jr.  Columbus,  Ohio,  Engineering  Experiment  Station, 
p.  90,  1960. 

NRC  TECHNIQUE  GIVES  ULTRAFINE  METAL  POWDERS.  Chera.  end  Eng.  Newt,  40t  57,  Dec. 

3,  1962. 

Office  of  the  Director  of  Defenir,  Retsarch  and  Engineering,  Washington,  D.  C. 

THE  HANDLING  AND  STORAGE  Of  LIQUID  PROPELLANTS.  Jan.  1963,  p.  27.  AD  442649 


Ibid.  p.  71 
Ibid.  p.  177,  178 
Ibid.  p.  247 
Ibid.  p.  299-300 

Olin  Mathieton  Chemical  Corp. ,  Nlagra  Fallt,  N.  Y. 

KINETICS  OF  THE  PYROLYSIS  OF  DIBORANE,  by  J.  H.  Norman.  OMCC-HEF-231,  July 
15,  1960.  12 p.  AD  246438 

Pennsylvania  State  College,  State  College 

THERMODYNAMIC  PROPERTIES  OF  BORON  AND  ALUMINUM  COMPOUNDS,  by  T.  Weitlk, 
M.  J.  Linevdty  and  H.  Bowkley.  Progress  rept.  2,  Jan.  1,  1953-Sept.  30,  1953.  AD  19456 

Pennsylvania  Univ. ,  Dept,  of  Chemistry,  Philadelphia 
THE  ALX/iLI  METAL  PHOSPHIDES  AND  THE  LOWER  HYDRIDES  OF  PHOSPHORUS,  by  E.  C. 
Evert,  E.  H.  Street,  Jr.  and  others.  Final  rept.  March  3,  1955,  p.  11.  AD  56692 

Pennsylvania  Univ.,  Philadelphia 

CHEMISTRY  OF  THE  LIGHTER  ELEMENTS.  Final  rept.  Dec.  30,  1960.  AD  252094 
Pennsylvania  Univ. ,  Philadelphia. 

INFRARED  REFLECTION  STUDIES  OF  SINGLE  CRYSTAL  LITHIUM  HYDRIDE  AND  ON  ITS 
ISOTOPIC  DERIVATIVE,  by  M.  H'  Rfodrkyaad  t,  Berstein.  Tech.  mpt.  4,  Nov.  1965, 
p.  7,  AD  476656 


Ibid.  p.  8 


Ibid.  p.  9 


t 


Pepekin,  V.  I.,  T.  K.  Dymova  and  others. 

HEAT  OF  FORMATION  CF  MAGNESIUM  HYDRIDE.  Zhurasl  Ftzkhe&oi  Khimii  (Moskva), 
38(4)i  1024  1026,  1964.  (CA  61.  1322f) 


210 


162.  Plcatlnny  Arienal,  Dover,  N.  J. 

ENCYCLOPEDIA  OK  EXPLOSIVES  AND  RELATED  ITEMS.  V'.  1.  A  TO  AZOXY,  by  B.  T- 
Federoff,  O.  E.  Sheffield  end  other i.  Mnrrlftovrn,  N.  J.,  Compton  hen,  1960tp.A169. 
(PATR-2700) 

163.  Plcatlnny  Areenci,  Dover,  N.  J. 

ENCYCLOPEDIA  OR  EXPLOSIVES  AND  RELATED  ITEMS,  V.  3.  CHLORIDES  TO  DETONATINC 
RELAYS,  by  B.  T.  Federoff  and  O.  E.  Sheffield.  Dover,  N.  J. ,  Plcatlnny  Arreeal,  1966  D9-D11 . 
(PATR-2700) 

164.  Plcatlnny  Annual,  Dover,  N.  J. 

EXPLOSIVES  RESEARCH  SECTION  SAFETY  HANDBOOK.  Dovw,  N-  J.,  Plcatlnny  AnenaJ, 

Dec.  1959,  p-28.  AD  233143 

165.  Ibid.  p.  34 

166.  Ibid.  p.  40 

167  Plcatlnny  Arienal,  Dover,  N.  J< 

THE  PRODUCTION  OF  COLORED  SMOKES  FROM  HIGHLY  REACTIVE  HYDROLYZABLE  METAL 
CHLORIDES.  (Technical  memo.  1644)  Table  4. 

158.  Fitter,  K.  S.  and  H.  S.  Gutolodcy 

ELECTRON -DEFICIENT  MOLECULES  □  ALUMINUM  ALKYLS-  Jour.  Amer.  Cbem.  Soc  , 

68l  2204,  1946. 

169.  Powlek,  F. 

MAGNETIC  PROPERTIES  OF  AMALGAMS  OF  IRON  METALS  (IRON,  NICKEL,  COBALT,  AND 
MANGANESE).  Zeltachrlft  fOr  Metallkuade  (Stuttgart  S. )  41*  452,  1950. 

170.  Frentia*,  A.  M. 

CHEMICALS  IN  WaR>  A  TREATISE  ON  CHEMICAL  WARFARE.  New  York,  McGraw-Hill  Both 
Co.,  Inc.,  1937.  p.237. 

171.  Ibid.  p.  238 

172.  Ibid.  p.  239 

173.  Princeton  Univ. ,  N.  J. 

PROJECT  SQUID,  byR.  N.  Pcoie.  Quarterly  rept.  March  31,  1950,  p.  1.  TIP  U 12580. 

174.  PROGRESS  IN  BORON  CHEMISTRY  VOL.  1.  Ed.  by  H.  Steinberg  and  A.  L.  McClodcey- 

Naw  York,  Pergamon  ft  err,  1964. 

175.  Pruett,  R.  L.  end  J.  E.  Wyman 

DIVANADIUM  DCDECA CARBONYL.  Chemirtry  and  Indiutry  (London), 9(l)i  119-120,  1960. 

176.  Ralsdii,  C.  W.  and  J.  L.  Gavron 

ORGANIC  ARSENICAL  COMPOUNDS.  (ACS  Monograph  Serial).  New  York,  The  Chemical 
Catalog  Co.,  be.,  1923. 


2U 


177.  Rand  Corporation,  Sant*  Monica,  Calif. 

PHYSICAL  PROPERTIES  AM)  THERMODYNAMIC  FUNCTIONS  op  FUELS,  OXIDEEP.S,  AND 
PRODUCTS  OF  COMBUSTION.  I.  FUELS.  Project  Rand  rept.  R-127,  NOL  rapt.  S -2  3652, 
Jan.  1949,  p.27. 

178.  Ibid.  p.  48-56 


179.  Ibid.  p.  79 


ISO.  Ibid.  p.  159 


181.  Ibid.  p.  160 


182.  Ibid.  p.  216-224 


183.  Raub,  E. ,  and  M-  Engel. 

SELF-IGNITING  ALLOYS.  Metallforechung  (Stuttgart),  2l  115-119,  1947. 


184.  Rochow,  E.  G.,  D.  T.  Hurd  and  R.  N.  UwU 

THE  CHEMISTRY  OF  ORGANOMETALUC  COMPOUNDS.  New  York,  John  Wiley  and  Sou, 
Inc.,  1957. 

185.  Rockatdyne,  (North  American  Aviation,  Inc.),  Canoga  Park,  Calif. 

CHLORINE  TTUFLUORJDF.  HANDLING  MANUAL,  by  E.  Suarat-AIforuo,  A-  E.  Chamber,  and 
D.  J.  Hatr.  AF/SSD-TR-61-9.  Sept.  1961,  p.30.  AD  266121 

186.  Rockatdyne,  (North  American  Aviation,  he.),  Canoga  Park,  Calif. 

HYPERGOL  CARTRIDGE  MAINTENANCE  /OID  STORAGE.  R-3066,  July  13,  1961,  p.3. 

AD  445908 


187.  Ibid.  p.  11 


188.  Rockatdyne,  (North  American  Aviation,  Inc.),  Canoga  Park,  Calif. 

RESEARCH  ON  THE  HAZARD  CLASSIFICATION  OF  NEW  LIQUID  ROCKET  PROPELLANTS. 
Quarterly  program  rept.  for  period  ending  Apr.  30,  1960.  R-2452-1,  p.  29-30.  AD  245833 

189.  Rocketdyne,  (North  American  Aviation,  Inc.),  Canoga  Park,  Calif. 

RESEARCH  ON  THE  HAZARD  CLASSIFICATION  OP  NEW  LIQUID  ROCKET  PROPELLANTS. 
Final  rapt.  v.  1,  Oct.  1961,  p.4.  AD  272025 


190.  Rote,  A.,  E.  Roee  and  F.  M.  Turner 

THE  CONDENSED  CHEMICAL  DICTIONARY.  New  York,  Reinhold  Publiahing  Cap. , 
1961. 


191.  Rompp,  H. 

CHEM1E  LEXDCQN.  V.  1.  Stuttgart,  Franckh'e  Varlagdunriliing,  1962,  p.  49b*. 


192.  Roeenbarg,  N.  W. 

CHEMILUMINESCENCE  OF  TRIMETHYL  ALUMINUM  RELEASED  INTO  THE  UPPER  ATMOS¬ 
PHERE.  Jour.  Geophyi.  Reiearch,  68(20).  5895-5898,  1963. 


193.  Rouah.  F.  A.  »«H  R.  F 

URANEJM  MONOCARBIDE  -  FUEL  OF  THE  FUTURE?  Nucleonlce,  18(3):  74  -77,  i960. 

121.  S«.v«ri,  K. 

CONDITIONS  OF  FORMATION  AND  STRUCTURE  OF0 -TUNGSTEN.  Wimeuac.luiftlkhte 

*  Zaltechrift  der  Hochechule  fur  Sell  warm  aechlnenbau  Mapdubuiy  (Magdeburg).  3*  175-181, 
I960.  (CA  5*  20752g) 

195.  Sax,  N.  I. 

DANGEROUS  PROPERTIES  OF  INDUSTRIAL  MATERIALS.  New  York,  Reinhoid  PuUlahlng 
Cerp.,  1963. 

196.  Schleeingei,  H.  I.,  H.  C.  Brown  and  E. K-  Hyde 

THE  PREPARATION  OF  OTHER  BOROHYDRJDES  BY  METATHKTICAL  REACTIONS 
UTILIZING  THE  ALKALI  METAL  BOROHYDRDES.  Jour.  Am*.  Own.  Soc.,  75)210-211, 
1953. 

197.  Schlealnger,  H.  I.,  H.  C.  Brown  and  otheri. 

URANIUM  (IV) BOROHYDR1DE.  Jour.  Araer,  Cham.  Soc.,  75i  219-223,  1953. 

198.  Schcdtz,  W.  F. 

NAK,  HOW  TO  HANDLE  SAFELY.  Safety  Maintenance,  125(3)1  18-21,  1963. 

199.  Shell  Development  Co. ,  Emeryville,  Calif. 

*  THE  INFLAMMABLE  PROPERTIES  OF  COMBUST BULK  MATERIALS,  PART  1.  by  A.  S- 
Lehman  and  W.  B.  Wl]**.  Final  rept.  June  30,  1949,  p.46.  AD  455079 

,  200.  Ibid.  p.  SO 

201.  Ibid.  p.  52 

202.  Odd.  p.  53 

203.  Shell  Development  Co. ,  Emeryville,  Calif. 

POTENTIAL  CW  AGENTS,  TASK  S,  BORON  COMPOUNDS  AS  TOXICANTS,  by  V.  W. 

Buie.  Bi-monthly  rept.  5,  Apr. -May  1953,  p.2.  AD  48023 

204.  Ibid.  p.  3 

205.  Shell  Development  Co. ,  Emeryville,  Calif. 

POTENTIAL  CW  AGENTS,  TASK  S,  BORON  COMPOUNDS  AS  TOXICANTS,  by  V.  W. 
Buie-  Bi-monthly  rept.  6,  June -July  1953,  p.  3.  AD  46101 

206.  Ibid.  p.  5 

\  207.  Ibid.  p.  8 

208.  Ibid.  p.  9 

209.  Ibid.  p.  10 


213 


210.  SiaU  Developaei*  Co.,  Emeryville,  Calif. 

KTSiTUL  C.V  AGENT*  TASK  a,  gunuri  uuninjUNDS  AS  TOXICANTS,  by  V.  W. 

Bull.  Bi-monthly  rapt.  8.  Oct. -Nov.  1953,  p.  4.  AD  39431 

211.  Shalamentaev,  I.  I. 

HAZARDS  OF  PYROPHORIC  PROPERTIES  OF  PRODUCTS  OF  HYDROGEN  SULF0E  CORRO¬ 
SION.  Neftymnoye  KHorycdftvo  (Moakva),  25{7>  5153,  1947.  (CA  42t  33031) 

1 

212.  Silvern*!*,  M.  S-,  G.  F.  Nordblotn  and  other*. 

STABLE  RED  PHOSPHORUS,  fed.  mad  Eng.  Cham.,  40i  301-303,  1948. 

213.  Smith,  R.  8. 

PYROPHORICITY -TECHNICAL  MYSTERY  UNDER  V3CCRCU5  ATTACK.  Nucleonic*, 
14(12)128,  1956. 

214.  Snail,  F.  D.  and  C.  T.  Snail 

DICTIONARY  OF  COMMERCIAL  CHEMICALS.  New  Yodt,  D.  Van  Ncatrand  Co.,  fee., 
1962. 

US.  Southern  California  Unlv. ,  Dept,  of  Chamlatry,  Lot  Angela* 

STUDIES  CF  THE  RARE  EARTH  HALIDES,  by  J.  C.  Waif  and  W.  L.  horn.  Tech.  reft. 

2,  Oct.  1,  1952 -Nov.  15,  1953.  Nov.  15,  1953,  p.il.  AD  23188 

216.  Southwcn  Raeearch  fen. ,  San  Antonio,  Tax. 

PROPERTIES  OF  INORGANIC  ENERGY  CONVERSION  AND  HEAT  TRANSFER  FLUIDS  FOR 
SPACE  APPLICATIONS,  fay  W.  D.  Weatherford,  Jr.,  J.  C.  Tylar  and  P.  M.  Ku.  WADD 
tach.  rapt.  61-96.  Nov.  1961,  p.  Rb.  gen-  and  ryn.  peep.  Rb-  AD  267541 

217.  Speala,  A.  B.  and  J.  J.  Duggan 

SAFE  HANDLING  OF  "REACTIVE"  CHEMICALS.  Cham.  Eng.,  661  16Q,Apr.  20,  1959. 

218.  STecLsr,  H.  E. 

FIRE  PREVENTION  AND  PROIl  HON  FUNDAMENTALS  (CCMl  UROLOGY).  PhiladaljdiU, 
Pa,  Spactatce,  1953.  p.  302. 

219.  Steinberg,  H.  and  R.  J.  Brothaiton 

ORGANOBORON  CHEMISTRY.  V-  2  BORON  -NITROGEN  AND  BORON  -PHOSPHORUS  COM¬ 
POUNDS.  New  York,  John  Wiley  and  Sow,  1960.  p.  166. 

220.  Stodck,  A.  J. 

SPACE  CROUP  AND  UNIT  CELL  OF  BERYUJUM  BOROHYDRUE.  AcU  Crynallogtaphlca 
(Copenhagen),  S(l)i  151,  1952. 

221.  Tam  pi  9  Unlv,  Reieuch  fen. ,  Philadelphia,  Fa. 

EXPLORATORY  RESEAR  Of  ON  HIGH  BTOGY  PROPELLANT  SYSTEMS,  by  A.  V.  Groeec, 
T.  F.  Flint  and  othan.  Final  rapt.  Jan.  1961.  Table  3.  AD  270941 

222.  Thoml,  P. 

TUNGSTEN  POWDER.  French  patent  no.  1,146,021.  Nov.  5,  1957.  (CA  53t  21572b) 


214 


223.  U.  $.  Atonic  Energy  Coin  minion,  WiuUugton,  D.  C. 

BARIUM |  A  BBUOCRAPKY  OF  UNCLASSIFIED  LITERA  TURE,  fay  S.  B.  Schwind.  Rapt. 
Tn-fiM,  hM  «  1*52 .  AD  5542 

224.  U-  S.  Atomic  Energy  Cotnmirtion,  Health  and  Safety  Lab.,  Wuhhgtai,  D.  C. 

SAFE  HANDLING  Of  PYROPHORIC  AND  RADIOACTIVE  METAL  POWDER,  fay  W.  B.  Hanie. 

1st  Powder  Metallurgy  la  Nuclear  Engineering  (Proc.  Coni.  Powder  Metallurgy  la  Atomic 
Energy,  Oct.  20,  1955,  Philadelphia,  Pa. )  Clavelaad,  Ohio,  Amaricaa  Society  far  Metals, 
p.  250,  1958. 

225.  U-  S.  Dept,  of  the  Interior,  Bureau  of  Miner,  Wirfiington,  D.  C. 

REVIEW  OF  FIRE  AND  EXPLOSION  HAZARDS  OF  FLIGHT  VEHICLES  COMBUSTIBLES,  by 
R.  W.  Van  Dolah,  M.  C.  Zabetakli  aad  others.  ASD  Tech.  rept.  61-27S,  Apr.  194)1. 
p.  37-38.  AD  2<S2989 

226.  U.  S.  Naval  Ammunition  Depot,  Crane,  bid. 

AIR  REACTIVE  COMPOUNDS!  LISTING  AND  PROPERTIES,  fay  B.  E.  Douda.  RDTR  no.  71. 
Feb.  24,  1966,  AD  632686 

227.  U-  S.  Naval  Ammunition  Depot,  Crane,  lad. 

A  BACKGROUND  SURVEY  OF  AIR  AND  WATER  REACTIVE  MATERIALS  AM)  THEIR  USES, 
by  W.  Ripley.  RDTN  no.  32,  Oct.  28, 1966. 

228.  U.  S.  Naval  Ammunition  Depot,  Crane,  lad. 

SAFETY  MANUAL,  THE  LABORATORY  PREPARATION  OF  PYROTECHNICS,  by  C.  Armour. 
RDTR  no.  29,  July  27,  1962,  p.  1 

229.  Ibid.  p.  4 

230.  Urry,  C.,  T.  Wartlck  and  othen. 

THE  PREPARATION  AND  SOME  OF  THE  PROPERTIES  OF  DIBORON  TETRACHLORIDE,  B2CI4. 
Jour.  Amer.  Chem.  Soc.,  76(21)!  5293,  5295,  1954. 

231.  Van  Warer,  J.  R. 

PHOSPHORUS  AND  ITS  COMPOUNDS.  V.  1.  New  York,  faterrclence  Publisher*  fare., 

1958. 

232.  Von  Schwartj,  E. 

(HANDBOOK  OF  FIRE  AND  EXPLOSION  DANCER].  Haadbach  dor  Few  and  Ezploatotugeftfar. 
Muncheni  Feunchutzvaxiag,  1964.  p.  '.90 

233.  Ibid.  p.  154 

234.  Ibid.  p.  156 

235.  Voge.i,  R.  von  and  H.  Kite* 

(COMPOSITION  AND  PROPERTIES  OF  THE  COBALT,  NICKEL,  MANGANESE  ALLOY] 

Aufbau  u ni  Elgenrchaften  der  Kcbalt -Nickel -Mangen  Leglerungen.  Zeitrchrlft  fur  MetaUktnode 
(Stuttgrrt).  45t  638,  1954. 


i 


I 

f- 


i 

i 


236.  Whataly,  A.  T.  ud  R.  N.  Pun 

OBSERVATIONS  ON  THERMAL  EXPLOSION  OF  DBORANE-OXYGEN  MIXTURES.  Jour.  ,, 

Aw-r.  Chess.  See.,  7Si  liST-iSSS,  Apr.  1934. 

237.  Wtutely,  A.  T.  and  R.  N.  P««M 

A  KINETIC  STUDY  OF  THE  DBORANE -ETHYLENE  REACTION.  Jfow.  Amer.  Cham,  Soc. ,  ' 

7d»  835,  Fab.  1954. 

238.  Woodwind,  L.  A. 

MOLYBDENUM  OXDE  CATALYSTS  FOR  THE  REDUCTION  OF  PHENOL  TO  BENZENE. 

Traaj.  Faraday  Soc.,  44*  808-618,  1948. 

239.  Wucher,  J. 

IMAGNETIC  PROPERTIES  OF  THE  NICKEL -LANTHRJM  ALLOYS]  Proprlctei  Magnetiquai 
dat  AUlagai  NickaJ-Ianthnw.  Journal  da  PbydRua  at  le  Radium  (Purii),  13r  278-282, 

1952. 

240.  Zahi,  j. 

PYROPHORIC  DUSTS  IN  TECHNOLOGY  AND  INDUSTRY-  Staub  (Diuaeldorf),  22(11)1 
494-508,  1962. 

241.  Zeis,  H. 

ORGANOMETALUC  CHEMISTRY.  New  York,  Raiabold  Publirfaiug  Cerp. ,  i960,  p.  92. 

242.  MU.  p.  129  * 

243.  Ibid.  p.  364 

244.  Ibid,  p,  394 

2 45.  Ibid.  p.  432 

244.  Zingaro,  R.  A.  and  R.  E.  McG'lotfaUn 

PHYSICAL  PROPERTIES  EVALUATION  OF  COMPOUNDS  AND  MATERIALS.  PART  U. 

SOME  PHOSPHINES,  PHOSPHINE  SUIFDES  /tND  PHOSPHINE  SELENI3ES.  Jour.  Che®, 
mad  Eag.  Duta,  8(2)t  2 27,  1963. 


r 


* 


I 


f 


216 


nnr ijuFkjr  COHTROL  D*.  ?  *  RID 

•  /.i*.  -.iln  nf  flf/i*.  fnn/j  u/  lifts  fr<n  f  mu/  imlfKiHj}  «>rifiof/)f/nrt  /imxf  he  vnivrvd  whvn  tho  uwiutl  rvfiarf  /s  cluj*hitlvd) 


o*« 1  i.in  4  1 1  Mi  ac  1 1  vim  (i‘<ir/x>r<ffp  uiifhor) 

Special  Bibliographies  Section 
iioienco  and  Technology  Division 
Library  of  Congress 
Washington,  D.  C.  20450 


REPORT  SECURITY  CLASSIFICATION 

IWfiMSSTVTWD 


2b.  CROUP 


HH'OHI  I  l  r  L  l 


HANDBOOK  OF  SELECTED  PROPERTIES  OF  AIR-  AND  WATER-  REACTIVE  MATERIALS 


4  i »  1.  5  c  n  1  r  1  1  v  t  notes  (Typo  of  rt'patt  and  Inrhialvc  i latvn) 

final  Report  January  1966  -  December  1968 

h  ftu  TmohiSI  [Hf*l  in. inc,  m  hi  Jit  Initial,  In  I  namrj 


Jack  R.  Gibson 
Jeanne  D.  Weber 


H|  POM  1  OA  It 

Hoc ember  1968 


7B.  TOTAL  NO-  OF  PACES 


216 


7b.  MO.  OF  Ft 

245 


IM.  C  ON  m  AC  T  ON  &MANT  NO 


9*.  ORIGINATOR'*  REPORT  NUMHfcR(S> 


h. 


</. 

l  n 


i  hoi.c  mo  AIRTASK  No.  A3 5- 532-022/323- 
1/F00- 17-02  Work  Unit  No.  15 

N00164  -  67  -  C  -  0498 _ 

pm  HI  HUT  ION  STATEMENT 


Final  Report  RDTR  No.  144 


vh.  OTHER  REPORT  nO(SJ  ( Any  othvt  numbtr*  ihmt  may  M**ign9(J 
thi$  report) 

NAD  Crane  _  RDTR  #144 _ 


Distribution  of  this  document  is  unlimited 


jTT  MIPI'I  I  M|  N  r  A  MY  NO  1  l  S 


II  A  PS  I  It  AC  T 


12  SPONSORING  MILlT  AHY  ACTIVITY 

U.  S.  Naval  Ammunition  Depot 
Crane,  Indiana  4752 2 


-The  Handbook  of  Seleoted  Properties  of  Air-Reactive  and  Water-Reaotive  Materials 
represents  the  work  resulting  from  the  literature  searoh  oovering  the  years  1950 
through  VJ68.  Data  are  presented  on  the  following  properties  of  the  pertinent 
compounds  molecular  weight,  melting  point,  characteristics ,  boiling  point,  vapor 
pressure,  synthesis,  solubility,  thermodynamio  properties  and  flammability.  In 
addition  attention  is  paid  to  other  characteristics  suoh  as  toxicity,  handling 
end  military  and  industrial  uses. 
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Organic  Compounds1,  and  Part—HI.  Miscellaneous  Compounds  (analyzing  oomplex  com¬ 
pounds,  mixtures  and  byproducts  of  ohemioal  reaotions).  . 
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